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APPENDIXES. 

(continued.) 


Appendix  No.  16. 

REPORT  ON  SPECIAL  WATER-SUPPLY  INVESTIGATION. 

August  1,  1899. 

Gentlemen:  Work  was  begun  on  the  water-supply  investigation 
for  projected  summit-level  canals  in  the  State  of  New  York  on  August 
1,  1898,  the  arrangement  with  your  Board  being  that  the  author  give 
the  matter  about  one-half  of  his  time.  It  was  also  understood  that 
the  work  be  completed  in  one  j^ear.  The  total  time  devoted  to  super- 
vising  and  directing  the  work  and  to  preparation  of  report  has 
included,  to  August  1,  1899,  208  days.  The  report  herewith  sub¬ 
mitted,  with  maps,  plans,  and  estimates,  is  the  best  effort  of  which 
the  author  is  capable  with  the  foregoing  limitation  of  time. 

Problems  to  be  studied,  included  in  general  terms,  consideration 
of  water  supplies  for  the  various  summit-level  canals  in  the  State  of 
New  York,  not  only  by  the  Oswego- Mohawk  route,  but  by  the  St. 
Lawrence-Champlain  route  as  well.  However,  the  investigation  as 
to  canal  routes  proper  has  rendered  an  extended  study  of  the  water 
supply  of  a  summit  level-canal  connecting  Lake  Champlain  and 
Hudson  River  unnecessary,  and  the  work  herein  reported  upon  is, 
therefore,  mostly  confined  to  consideration  of  water  supply  for  Oswego- 
Mohawk  route. 

SOURCES  FROM  WHICH  WATER  SUPPLIES  FOR  OSWEGO-MOHAWK 

ROUTE  MAY  BE  DRAWN. 

A  preliminary  study  of  existing  conditions  indicated  that  aside  from 
streams  immediately  tributary  to  Mohawk  River  and  Oneida  Lake,  a 
water  supply  for  summit  level  of  Oswego-Mohawk  route  must  be 
drawn  either  from  Black  River  or  Lake  Erie.  The  author  understood, 
however,  your  Board  to  have  decided  that  Lake  Erie  was  out  of  con- 
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Hidoration  localise  of  the  peculiar  wording  of  the  act  of  Congress 
authorizing  this  investigation,  thus  limiting  the  scope  of  the  imiuiry 
1o  lllack  Hiver  and  contiguous  streams.1 

In  the  st mly  as  made,  a  few  st reams  t rihut ary  t <»  Lake  <  Intario,  l»ut 
which  have  been  intercepted  by  the  proposed  Mack  Hiver  feeder, 
have  1  K*en  included.  On  this  point  refer  to  plate  !M. 

A  small  emergency  supply  may  also  Ik*  drawn  from  a  group  of  reser¬ 
voirs  on  Susquehanna- Mohawk  divide,  originally  constructed  by  the 
State  of  New  York  for  supply  of  summit  level  of  Chenango  Canal. 

The  water  now  available  for  water  supply  of  Home  level  of  Krie 
Canal,  west  of  Fort  Bull,  would  also  be  available  for  deep  waterways, 
provided  satisfactory  arrangements  wen*  made  with  the  State  of  New 
York.  A*-,  however,  this  is  at  best  < inly  a  small  quantity,  it  has  been, 
so  far  as  the  present  discussion  is  concerned,  left  out  of  the  account. 


RKCONNOISSANCE. 

In  order  to  gain  a  clear  view  of  the  nature  of  the  problems  to  Ik* 
studied  by  actual  inspection  of  the  ground,  a  recon noissanee  was 
started  from  Forest  port  August  14,  1S1»8,  examining  lirst  the  present 
feeder  of  the  summit  level  of  Black  Hiver  Canal,  which  extends  from 

'  <  Note  by  the  author.  January  15,  HHM». )  In  regard  to  Lake  Erie  ns  a  source  of 
water  supply  for  O-ovego-Moliawk  summit  level,  the  brier  statement  way  be  made 
that  during  August  November.  1M»9,  the  author  was  engaged  on  a  study  of 
proposed  rectification  of  Erie  Canal  between  Newark  and  west  end  of  Rome  level. 
The  object  of  this  study  was  to  ascertain  whether  a  continuously  descending  canal 
could  1h>  constructed  I  ctween  the  points  mentioned,  thereby  avo  ding  the  present 
descent  to  Montezuma  and  Syracuse  levels,  with  the  corresjionding  ascent  to  Rome 
level.  The  ground  traversed  hv  this  rectification  is  the  same  as  would  Ik*  occu¬ 
pied  by  a  feeder  for  (  >swego  Mohawk  summit  from  Lake  Erie.  The  detail  of  tics 
study  is  embodied  in  a  report  to  the  canal  committee  of  the  State  of  New  \ork, 
and  will  be  published  in  the  annual  report  of  the  State  engineer  and  surveyor  for 
liMK).  This  report  is  accompanied  by  topographical  maps  of  the  region,  which 
have  been  constructed  from  the  field  sheets  of  the  United  States  Geological  Sur¬ 
vey.  at  a  scale  of  1:  45,000.  These  maps  show  the  difficulties  t  »  be  met  between 
Newark  and  Rome  level  by  either  a  canal  or  feeder  construction.  Without  going 
into  detail  at  this  time,  it  is  sufficient  to  state  that  a  new  canal  on  the  most  satis¬ 
factory  line.  12  ieet  deep,  and  with  about  1.200  s  purn*  feet  section  area,  is  esti¬ 
mated  t  •  cost,  for  58  miles,  more  than  the  entire  cost  of  u  feeder  from  Black  and 
Salmon  rivers,  as  given  in  detail  further  on  in  this  iej*>rt. 

It  is  probable,  however,  that  a  feeder  line  purely  of  sufficient  capacity  to  deliver 
1,000  cubic  feet  per  second  to  Rome  summit  level,  would  be  somewhat  less  expen¬ 
sive  i  er  unit  of  length,  but  inasmuch  as  the  total  distance  from  Lake  Erie  to  the 
point  of  delivery  on  Oswego-Mohawk  summit,  near  Fort  Bull,  is  about  four  times 
as  great  as  the  section  actually  estimated  uikhi,  it  is  at  once  apparent  that  the  cost 
of  Lake  Erie  supply  becomes  so  much  greater  than  Black  River  supply  as  to  pre¬ 
clude  its  adoption.  A  survey  to  Lake  Erie  would  therefore  have  no  other  edict 
than  to  emphasize  the  fact,  that  as  a  matter  of  economic  construction  a  water  sup¬ 
ply  for  Oswego-Mohawk  summit  level  must  be  chiefly  drawn  from  Black  and  Sal¬ 
mon  rivers  and  the  adjacent  small  streams,  as  exhibited  in  detail  in  the  following 
pages. 
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Black  River  at  Forestport  to  the  canal  at  Boonville,  a  distance  of  10.5 
miles,  and  delivers  water  into  Black  River  Canal  at  an  elevation  of 
1,119.96  feet  above  tide  water.  The  elevation  of  crest  of  Black  River 
dam  at  Forestport  is  1,126. 06  feet  above  tide  water.  The  present  feeder 
has  a  capacity  of  about  225  to  275  cubic  feet  per  second.  The  catchment 
area  of  Black  River  above  Forestport  was  also  examined  with  reference 
to  the  possibility  of  constructing  additional  reservoirs  on  that  area. 
The  result  of  this  examination  was  to  show  that  the  available  storage 
of  Black  River  area  above  Forestport  is  already  substantially  utilized 
by  the  State  reservoirs  now  existing  in  1  hat  region.  Additional  storage 
could  only  be  made  there  at  large  expense,  although  it  may  be  assumed, 
if  the  deep  waterways  are  built,  that  Erie  Canal  through  Mohawk  Val¬ 
ley  will  be  abandoned,  as  would  also  Black  River  Canal.  Hence,  the 
water  now  used  for  the  supply  of  Erie  and  Black  River  canals  would 
become  available  for  deep  waterways.  Nevertheless,  it  is  true  that 
an  adequate  storage  can  not  be  made  on  upper  Black  River.  The 
lwonnoissance  showed,  however,  that  it  was  practicable  to  divert 
Moose  River  at  McKeever  through  Otter  and  White  lakes  into  main 
Black  River  above  Forestport,  thus  making  it  possible  to  deliver  that 
port  ion  of  Moose  River  catchment  area,  as  well  as  upper  Black  River 
at  Boonville,  where,  at  a  distance  of  about  a  mile  to  the  south,  the 
water  could  be  turned  into  Lansing  Kill,  a  tributary  of  upper  Mohawk, 
and  so  delivered  directly  to  proposed  deep  waterways  summit  level  at 
Rome. 

The  diversion  of  Moose  River  would  be  accomplished  by  means  of 
a  dam  across  that  stream  just  below  McKeever  and  the  cutting  of  a 
canal  through  to  Otter  Lake,  a  distance  of  about  1  mile.  A  connect¬ 
ing  channel  would  lead  from  Otter  Lake  to  Long  Lake,  a  distance  of 
about  1.5  miles,  following  generally  the  course  of  the  present  outlet 
of  Otter  Lake.  From  Long  Lake  a  cut  would  be  made  through  an 
intervening  ridge  60  feet  in  height  for  a  distance  of  2,000  feet,  connect¬ 
ing  Long  Lake  with  White  Lake,  from  whence  the  water  would  flow 
through  the  outlet  of  White  Lake  to  Black  River  and  thence  to  For¬ 
estport,  where  the  present  feeder  of  Black  River  Canal  could  be 
utilized,  or  a  new  feeder  constructed,  as  might  appear  best  on  detailed 
examination. 

Rapid  computation  showed,  however,  that  there  was  no  prospect  of 
making  a  sufficient  storage  either  on  Black  River  above  Forestport,  or 
on  Moose  River  above  McKeever.  The  State  reservoirs  already  con¬ 
structed  in  that  region,  while  mostly  not  developed  to  full  capacity, 
are  still  so  far  short  of  furnishing  the  quantity  of  water  required  for 
supply  of  summit  level  as  to  make  them  hardly  worth  taking  into 
account. 
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Tlie  following  are  the  reservoirs  on  headwaters  of  main  Black  and 
Moose  rivers: 


Name  uf  reservoir. 

Approxi¬ 
mate  nr*'i» 

Approxi¬ 
mate  mean 
depth 

Approximate 
an«l  a  vat '.aide 
capacity. 

Whit**  I.ako . 

A  rrr*. 

aw 

h'lrl. 

s 

Cubic  frrt. 
IM.IHUO) 

f'li  n  1 1  f  .it  k». 

gH) 

4 

8K.«D>>.  000 
SOO.iwo.iiij 

Sam)  I,ak»* . 

:»w 

15 

1,118 

18 

438,  nm.ooo 

Bwbys  I  jtkfs ii . 

:i.  5 

44I.IMI.IM) 

( 'attachairula  Lak*‘ . 

:»> 

4 

iw.nuo.wo 

North  |.nk**  . . .  . 

:f77 

H7tl.IMI.IMI 

South  Lake . . 

:t7:J 

'M 

8Ao.nm.uw 

Twill  Lake* . . .  . 

175 

H 

re.iMi.iMi 

Fulton  chain  Lak«**  .  . 

nii  imi.iiii 

Forestport . . 

?»i 

10 

:»m.iMi.<Mi 

Total .  . —  . . . 

.  .  3, 019. 000, 0UU 

<i  Tin-  IiUbyn  l.ak»*-*  were  atmndoned  a*  canal  ri^rvotni  t>v  chapter  :774  of  tin*  laws  of  18*9. 

It  may  1m*  remarked  that  there  is  a  coin  j>ens>»t  ion  State  reservoir  on 
Beaver  River,  the  most  northerly  main  tributary  of  Black  River,  at 
St illwater,  with  capacity  of  Koo,0ou,000  cubic  feet.  Adding  this  qnan- 
tity  to  the  preceding,  we  already  have  a  total  artificial  storage  on 
Black  River  of  4, XRI, otto, om  enbie  fe«*t. 

It  has  lM*en  commonly  assumed  that  extensive  storage  could  be 
made  on  the  u p| mm*  reaches  of  Black  River,  but  when  the  ground  was 
examined  with  reference  to  a  supply  for  deep  waterways  it  was  found 
not  nearly  a*  extensive  as  had  been  previously  assumed.  This  fact 
lM*ing  clearly  ascertained,  attention  was  then  turned  to  lower  Black 
River.  From  Forest  port  to  Fort  Leyden  tin*  stream  flows  through  a 
broad,  sandy  valley  with  no  rock  showing  at  the  sides,  although  at 
several  places  it  appears  in  tin*  bed  of  the  stream.  For  this  roach  of 
river  an  extensive  barrage  is  imjiossihle,  except  at  great  cost.  The 
ends  of  a  dam  would  necessarily  penetrate  a  long  distance  into  tin* 
sand  hills  at  t In*  sides  svit  h  deep  cort*  walls  down  on  Im*<1  rock.  Above 
Fort  Leyden  tin*  rock  is,  so  far  as  observed,  limestone,  but  at  that 
place  tin*  granitic  rocks  of  the  Adirondack  region  appear.  At  Lyons 
Falls  1  here  is  a  nearly  vertical  fall  of 'is  feet.  Below  this  place,  which 
is  tin*  northerly  (Mid  of  Black  River  (  anal,  the  long  stretch  of  still 
water  extending  to  Carthage  begins.  The  valley  gradually  widens 
out  until  a  width  of  from  -  to  (5  miles  is  attained  iu  places.  A  dam 
at  Carthage  fs.5  feet  in  height  will  flood  about  7a  square  miles  and 
impound  over  KX),( H k >,CM a >  cubic  feet  of  water.  The  reconnaissance 
having  developed  this  general  fact,  it  appeared  probable  that  the 
proper  place  for  a  large  storage  on  Black  River  was  at  Carthage,  pro¬ 
vided  a  pract  icable  way  could  be  found  for  delivering  t  In*  stored  water 
into  .proposed  summit  level  in  vicinity  of  Rome.  Continuing  the 
recotinoissance,  it  appeared  that  the  delivery  could  be  accomplished 
in  two  ways — either  by  the  construction  of  a  feeder  line  following  the 
contour  from  Carthage  around  tin*  western  slope  of  tin*  high  land  of 
Lewis,  .1  elfcrson,  Oswego,  and  Oneida  counties  to  a  convenient  point 
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in  the  vicinity  of  Rome,  or  by  a  tunnel  21  miles  in  length  through  the 
intervening  ridge  from  the  foot  of  Lyons  Falls  to  Northwestern,  a 
point  on  Black  River  Canal  in  valley  of  Upper  Mohawk.  The  broad 
features  of  these  projects  are  shown  by  plate  93.  On  referring  the  mat¬ 
ter  to  your  Board  it  was  decided  t-o  investigate  in  detail  the  feeder  line 
from  Carthage  around  slope  of  hill,  preparing  only  such  estimates  of 
cost  on  the  tunnel  as  could  be  made  without  special  investigation. 
This  point  having  been  settled  by  your  Board,  the  preliminary  sur¬ 
veys  of  the  feeder  line  were  begun  August  25,  the  work  being  under 
the  personal  charge  of  J.  Y.  McClintock,  C.  E.,  who  was  selected 
as  principal  assistant. 

In  the  meantime  other  parties  were  organized  and  gaugings  of  a 
large  number  of  streams  tributary  to  Mohawk  River  and  Oneida  Lake 
were  instituted,  the  object  of  such  gaugings  being  to  obtain  informa¬ 
tion  as  to  both  high  and  low  water  flow  of  these  streams.  The  results 
of  the  gaugings  from  September  to  May,  inclusive,  are  presented 
further  on. 

The  proposed  Black  River  feeder  presents  a  novel  feature  in  this, 
that  the  topography  is  such  as  to  permit  of  utilizing  a  considerable 
extent  of  natural  channel,  as  may  be  appreciated  by  reference  to  plate 
93,  where  the  more  important  utilization  on  this  line  is  shown. 

The  following  tabulation  gives  the  relative  proportions  of  natural 


and  artificial  channel  on  this  feeder: 

Miles. 

Natural  channel . . . . . . .  49.19 

Artificial  channel . . . . . 43.56 


Total  length  of  feeder . . .  .  92.  75 


Further  study  of  the  water  supply  problem  indicated  the  desira¬ 
bility  of  having  a  considerable  body  of  water  available  and  not  too  far 
away  from  the  main  summit  level  of  deep  waterway.  On  this  line 
reservoir  sites  have  been  investigated  on  Fish  Creek,  near  Blossvale 
(Taberg  Station),  and  on  the  same  stream  just  above  the  village  of 
Camden,  as  well  as  on  Salmon  River  above  High  Falls.  The  topo¬ 
graphical  condition  in  Fish  Creek  Valley  are  favorable  at  both  the 
localities  examined,  but  the  borings  indicate  foundations  of  from  80 
to  90  feet  deep  in  quicksand.  In  view  of  this  adverse  condition  the 
Fish  Creek  sites  have  been  left  undeveloped,  but  that  on  Salmon 
River  has  been  developed  as  possibly  an  important  auxiliary  to  the 
water  supply. 

The  foregoing  indicates  the  broad  lines  of  study  required  to  deter¬ 
mine  a  proper  water  supply  for  the  deep  waterways  summit  levels. 
In  the  report  much  of  the  detail  is  omitted,  only  such  being  presented 
as  appears  necessary  for  a  clear  understanding  of  each  section.  The 
following  may  be  taken  as  a  general  summary  of  the  work  done: 

(1)  Survey  of  proposed  Black  River  feeder  from  Carthage  to  near 
Fort  Bull,  a  distance  of  92.7  miles. 
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Volley  from  Carthage  to  Lyons  Falls. 

(11)  Survey  of  Salmon  Hiver  reservoir  site. 

(4)  Survey  of  two  reservoir  siles  on  West  Branch  of  Fish  Creek. 

(.*» )  <  General  examinat  ion  as  to  flood  reservoirs  in  the  valleys  of  West 
Canada,  Fast  Canada,  and  Sehoharie  creeks. 

(<i)  'Flic  establishing  of  continuous  daily  gaugings  of  Mohawk, 
Oswego,  Seneca,  I’daek.  and  Hudson  rivers,  and  of  streams  tributary 
to  Mohawk  Hiver  and  Oneida  Lake. 

(7)  A  si  tidy  of  existing  informat  ion  relating  to  flood  flows  over  dams 
having  indicated  the  necessity  for  more  accurate  knowledge,  an 
extended  series  of  experiments  have  l>een  made  at  the  Cornell  Uni¬ 
versity  hydraulic  laboratory.  The  results  of  these  experiments,  as 
presented  herewith,  are  believed  to  be  unit | tie  in  this,  that  they  extend 
definite  information  as  to  flow  over  weirs  of  various  profiles  consider¬ 
ably  beyond  previous  limits. 

(s)  A  number  of  special  studies  have  been  made  relating  to  hydrol¬ 
ogy,  canal  and  tunnel  const  ruction,  and  which  are,  so  far  as  necessary 
for  full  understanding,  embodied  in  this  report. 

CATCHMENT  AREAS  AND  MAI’S. 

There  being  no  satisfactory  catchment  area  maps  of  Hudson, 
Mohawk,  and  Black  rivers  and  Oneida  Lake  catchment  areas  (to  be 
considered  in  tlii>  study),  it  liecame  necessary  to  prepare  such  maps. 
Plates  H4,  U5,  !Mi,  and  ‘.*7  present  maps  of  these  main  catchment  areas, 
while  the  several  small  areas  tributary  to  the  proposed  Black  Hiver 
feeder  are  shown  on  plate  OIL  The  following  are  t he  main  subdivisions 
of  the  various  areas  considered: 


Hl'DSON  RtVF.K  CATCHMENT  AREA. 

S«jnar«  mile*. 

Hudson  River.  al>ove  mouth  of  Mohawk .  4,0*47.1) 

Hudson  River,  above  Mechanicville. . . . 4,506.7 

Hudson  River,  above  Hadley .  1,678.7 

Hoosick  River,  above  mouth  .  710. 6 

Batten  Kill  River,  above  month .  437.5 

Sacundaga  River,  above  month .  1,056.5 

Schroon  River,  above  mouth . . .  570. 0 

Schro<«n  River,  above  gauging  station  . .  565.0 

MOHAWK  RIVER  CATCHMENT  AREA. 

Mohawk  River,  above  month . . .  3,468. 1 

Mohawk  River,  above  Rexford  Flats .  3,384.9 

Mohawk  River,  above  Litt  e  Falls . .  1,306.0 

Mohawk  River,  above  Ridge  Mills . .  15*4.5 

Schoharie  Creek,  above  mouth . . .  947.0 

Schoharie  Creek,  above  gauging  station . .  ..  .  94<L  7 

Cayadutta  Creek,  above  mouth . .  62. 2 

Cayadutta  Creek,  above  gauging  station .  _  40. 0 

Garoga  Creek,  above  mouth .  89.3 


( 
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Square  miles. 

Garoga  Creek,  above  gauging  station . . . .  80. 8 

East  Canada  Creek,  above  mouth . . .  282. 6 

East  Canada  Creek,  above  gauging  station . .  255. 6 

West  Canada  Creek,  above  mouth . .  568. 7 

West  Canada  Creek,  above  gauging  station . .  518. 7 

Saquoit  Creek,  above  mouth . . .  67. 2 

Saquoit  Creek,  above  gauging  station .  51. 5 

Oriskany  Creek,  above  mouth . . . . . .  146. 1 

Oriskany  Creek,  above  lower  gauging  station  (at  Oriskany) . . .  144. 3 

Oriskany  Creek,  above  upper  gauging  station  (at  Colmans) .  140. 7 

Nine  Mile  Creek,  at  mouth_ .  73. 6 

Nine  Mile  Creek,  at  gauging  station  . . . . . .  62. 6 

Area  on  north  side  of  Mohawk  River,  between  West  Canada  and  Nine  Mile 
creeks,  including  Crane  Creek,  Reels  Creek,  Knapp  Brook,  Budlong 

Creek,  Sterling  Creek,  Bridenbacker  Creek,  and  adjacent  territory _  85.  7 

Area  on  north  side  of  Mohawk  River,  between  West  Canada  Creek  and 

Little  Falls,  including  Beaver  Brook  and  adjacent  territory . .  15.5 

Area  on  south  side  of  Mohawk  River,  between  Sauquoit  Creek  and  Little 
Falls,  including  Ballou  Creek,  Factory  Creek,  Ferguson  Creek,  Moyer 

Creek,  Steele  Creek,  Fulmer  Creek,  and  adjacent  territory .  139. 1 

Six  Mile  Creek  and  adjacent  area  to  east  of  that  creek  . .  .• .  54. 5 

BLACK  RIVER  CATCHMENT  AREA. 

Black  River,  above  mouth . . . .  1, 930. 2 

Black  River,  above  Watertown  (Remington  dam) .  1,891.7 

Black  River,  above  Watertown  (Huntingtonville  dam) . 1,888.6 

Black  River,  above  Black  River  Village  (Huntington's  dam) .  1, 868. 9 

Black  River,  above  Rawson's  dam  (4  miles  below  Carthage) .  .  1, 824. 1 

Black  River,  above  Carthage  (State  dam) . . 1,812. 1 

Black  River,  above  Forestport . . . .  268. 0 

Black  River,  at  mouth  of  Moose  River,  but  not  including  Moose  River 

area . .  463. 0 

Deer  River,  above  mouth .  102. 0 

Deer  River,  above  Deer  River  Village . . .  100. 8 

Beaver  River,  above  mouth . .1  . . .  337.5 

Beaver  River,  above  Beaver  Falls . . .  322.3 

Moose  River,  above  mouth . . . . .  415.5 

Moose  River,  above  Agar's  paper  mill .  407. 3 

Woodhull  Creek,  above  mouth .  108. 4 

Otter  Creek,  above  Casler's  dam  (one-lialf  mile  above  mouth  of  creek)...  63. 0 

Independence  Creek,  at  mouth .  .  98. 8 

Independence  Creek,  at  dam  (3  miles  above  mouth) . .  93.2 

OSWEGO  RIVER  CATCHMENT  AREA. 

Oswego  River,  above  mouth .  5, 001. 8 

Oswego  River,  above  gauging  station  (Fulton) . 4, 915. 6 

Seneca  River,  above  mouth  of  Oneida  River . . .  3, 433. 1 

Seneca  River,  above  gauging  station  (Baldwiusville) .  3, 103.0 

Oswego  River,  below  mouth  of  Oneida  River. . .  .  .  ..  167. 1 

Oswego  River,  between  Fulton  and  Three  Rivers  Point . „ .  81.0 

ONEIDA  RIVER  CATCHMENT  AREA. 

Oneida  River,  above  mouth . . .  1,401.6 

Oneida  River,  above  Brewerton . . . . .  1,265.2 

II.  Doc.  149 - 37 
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Chit  ten  an  go  Creek,  above  mouth . .  308.  7 

Chittenaugo  Creek,  above  gauging  station .  .  300.0 

Oneida  Creek,  alwve  month.  .  . . . . .  148.6 

Oneida  Creek,  above  gauging  station  .  50. 0 

Wood  ( 'reek,  above  mouth  .  126.3 

Fish  ( 'reek,  nl>ove  Wood  Creek .  .  400.4 

Fish  Cri'ek,  East  Branch.  al>ove  gauging  station  . . .  104.8 

Fish  Creek,  West  Branch,  above  gauging  station . .  '  180.  7 

IATCHMKNT  AREAS  <>K  STREAMS  TRIBUTARY  T<>  FEEDER  LINE,  ETC. 

Deer  Lick  Creek  .  7.1 

Side  Hill  .  1.7 

Townsend  Brook . 7.3 

Rutland  Hollow,  east  . . . . .  o.  1 

Rutland  Hollow,  west . 0.6 

West  Branch  Sandy  Creek  . ..  13.  4 

Rutland  Creek  . 13.7 

North  Branch  Sandy  ('reek .  61.5 

Rodman  Brook . . .  0. 1 

Adams  Brook . ..  8. 7 

Side  Hill  .  . . . . . .  1.0 

South  Branch  Sandy  (.'reek .  44.3 

Deer  (’reek .  22.8 

Lorraine  Creek  . . . . . . .  8. 8 

Bear  Creek . . .  6.0 

Pierpont  Manor  Creek  . . . . . _ . ..  0.8 

North  Branch  Skinner  Creek  . 2.3 

Middle  Branch  Skinner  Creek  . . . .  5.6 

South  Branch  Skinner  Creek  .  3. 2 

Lindsey  Creek  . 4  q 

North  Branch  Little  Sandy  Creek . . .  3.2 

Middle  Branch  Little  Sandy  (.'reek . .  2. 3 

Little  Sandy  Creek . 13.3 

Side  Hill  . -j  11 

Trout  Brook . g  j 

Side  Hill  ....  .  .  . .  10 

South  Branch  Trout  Brook . __  9  4 

Orwell  Brook . go 

Pekin  Brook .  __  6.2 

Salmon  River,  above  High  Falls,  at  site  of  pro]>osed  reservoir  dam  (gaug¬ 
ing  station) . 190.5 

Salmon  River,  between  gauging  station  and  feeder  line. .  8.4 

Beaver  Dam  Brook .  j-,.  4 

Fish  Creek  1  West  Branch  1,  at  Williamstown  upper  dam .  16.2 

Fish  (’reek  (West  Branch),  at  Williamstown  lower  dam .  16.5 

Fish  Creek  (West  Branch),  at  West  Camden  . .  47. 5 

Fish  Creek  (West  Branch),  at  De  Lapp's  dam .  60.8 

Fish  Creek  (West  Branch), at  Camden  gristmill  dam .  61.4 

Fish  Creek  (West  Branch),  at  Camden  foundry  dam .  61.5 

Fish  Creek  (West  Branch),  at  Planing  Mill  dam  ...  .  51.5 

Mad  River,  at  mouth  .  .  . .  52.  j 

Mad  River,  at  Owens  dam . 46.0 

Mad  River,  at  Conants  dam .  46  5 


DEEP  WATERWAYS. 


579 


Square  miles. 

Little  River  . .  .  53.6 

Corey  Brook .  . . . . .  9.1 

Buell  Brook . . . . .  .  . . .  5.7 

Beaver  Brook,  above  feeder  line . . . . .  11.4 

Canada  Creek,  above  feeder  line . . . . . . .  34.0 

Wood  Creek,  above  Fort  Bull .  . . . .  34.8 


RUN-OFF  DATA  OF  STREAMS  IN  STATE  OF  NEW  YORK. 

In  the  author’s  opinion  the  data  for  estimating  water  supplies  of 
canals,  especially  when,  as  in  the  present  case,  they  are  on  very  large 
scale,  should  be  based,  when  the  data  are  available,  upon  actual 
gaugings  of  streams  rather  than  on  general  considerations  derived 
from  study  of  rainfall.  An  examination  of  a  large  number  of  esti¬ 
mates  of  canal  water  supplies,  based  on  the  usual  methods,  shows 
that  rainfall  data  alone  are,  in  close  cases,  inadequate  for  solving  a 
water-supply  problem  of  the  magnitude  of  the  one  now  under  consid¬ 
eration.  When,  however,  actual  gaugings  of  streams  extending  over 
sufficient  number  of  years  are  available,  there  is  no  reason  why  a 
water-supply  problem  on  a  large  scale  may  not  be  worked  out  with  the 
precision  of  a  proposition  in  mathematics.  It  is  believed  that  in  the 
present  case  the  data  are  available  for  computing  the  water  supply  of 
the  proposed  deep  waterways  summit  levels  substantially  with  such 
precision.  It  is  not  intended  to  say,  however,  that  rainfall  data  are 
not  of  use  in  a  hydrologic  discussion.  When,  as  in  the  present  case, 
in  addition  to  stream  gaugings,  an  extended  series  of  such  data  are 
available,  the  argument  is  made  doubly  good  and  the  demonstration 
strengthened.  The  discussion  under  this  head  will  be  extended  in 
the  chapter  on  Meteorology  of  New  York  and  the  Relations  of  Precip¬ 
itation  to  Run-off.  Plate  98  shows  stations  at  which  rainfall  observa¬ 
tions  have  been  kept  in  the  State  of  New  York  at  places  in  or  near  the 
vicinity  of  catchment  areas  of  Hudson,  Mohawk,  Black,  Oswego,  and 
Seneca  rivers  and  Oneida  Lake.  The  figures  underneath  the  name 
of  each  station  give  the  average  rainfall  in  inches,  the  number  of 
years  of  observation,  and  the  elevation  of  the  station  above  tide  water. 
The  detail  of  the  precipitation  records  used  in  compiling  plate  98  may 
be  mostly  found  in  Tables  Nos.  20  to  118,  accompanying  this  report. 

In  the  State  of  New  York  fairly  reliable  gaugings  of  Croton  River 
are  available  from  the  year  1870  to  1898,  inclusive.  This  stream  was 
gauged  for  a  few  years  prior  to  1870,  but  the  record  previous  to  that 
year  is  possibly  open  to  some  question,  and  is  not  generally  used  by 
hydrologists.  Gaugings  have  also  been  made  of  Hudson  River  at 
Mechanicville  from  October,  1887,  to  the  present  time,  and  of  Oatka 
Creek,  a  tributary  of  Genesee  River,  from  April,  1890,  to  December, 
1892,  and  of  Genesee  River  at  Rochester  from  March,  1893,  to  the 
present  time,  and  also  of  the  same  stream  at  Mount  Morris  from  Sep¬ 
tember,  1893,  to  March,  1897.  By  making  the  proper  reductions  and 
compiling  these  several  gaugings  of  Oatka  Creek  and  Genesee  River 
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a  useful  record  of  Genesee  River  run -off  from  April,  1890,  to  the 
present  lime  may  bo  had,  certain  months  omitted  in  the  record  living, 
however,  obtained  by  interpolation.  It  is  proper  to  observe,  however, 
that  the  record  for  the  years  1897  and  1S9S,  which  is  based  upon  gaug- 
ings  at  Rochester,  is  somewhat  approximative.  It  may  be  affected 
by  errors  of  from  10  to  15  per  cent.  The  balance  of  Genesee  River 
record  is  considered  to  1m*  much  more  accurate  than  this. 

Without  going  into  the  subject  extensively  it  may  be  remarked  t hat 
the  two  important  records  for  use  in  the  present  connection  are  those 
for  Genesee  and  Hudson  rivers,  which  have,  accordingly,  lieen  com¬ 
piled  for  the  years  1  Shi  to  1S9H,  inclusive,  and  are  herewith  presented.1 

Table  No.  I  gives  the  run-off  of  Renesee  River  at  Mount  Morris, 
where  the  drainage  area  is  1,070  square  miles,  for  the  water  years 
1 892-1 S98,  inclusive,  in  inches  on  the  watershed.  Table  No.  2  gives 
the  same  data  in  cubic  feet  per  second,  and  Table  No.  d  presents  these 
data  in  cubic  feet  per  square  mile  per  second.  These  tables,  as  well 
as  those  following,  are  arranged  for  a  water  year  beginning  with  the 
month  of  December  of  the  previous  year.  'Finis  the  water  year  1S92 
begins  with  Deeemlwr,  1 N91,  and  so  on  throughout  all  the  run-off  and 
precipitation  tables. 

'Flic  following  streams,  tributary  to  pro[s>sis|  Black  River  feeder, 
are  considered  to  have  run-offs  fairly  comparable  with  that  of  Rene- 
sec  River,  namely:  Deer  Kick  ( 'reek.  Townsend  Brook,  Rutland  Hol¬ 
low  Creek,  Sandy  Creek.  Rutland  Creek,  North  Branch  Sandy  Creek, 
Rodman  Brook,  Adams  Brook,  South  Branch  Sandy  Creek,  Deer 
Creek,  Lorraine  Creek,  Bear  Creek,  Pierrepont  Manor  Creek,  North 
Branch  Skinner  Creek,  Middle  Brunch  Skinner  Creek,  South  Brunch 
Skinner  Creek,  North  Bolyston  Creek,  North  Branch  Little  Sund\ 
Creek,  Middle  Branch  Little  Sandy  Creek,  and  Little  Sandy  Creek. 
The  catchment  area  of  these  streams,  with  intervening  stretches  of 
side  hill  area,  is.  roundly,  2.W  square  miles.  When  examined  on 
August  Id— IS,  1K9S,  these  streams  were  all  nearly  dry,  the  entire  flow 
not  exceeding  20  cubic  feet  per  second.  The  catchment  areas  from 
which  they  issue  are  in  the  elevated  region  to  the  south  of  Water- 
town,  which  is  mostly  deforested  and  in  a  high  state  of  cultivation, 
either  for  dairy  or  grain  farming,  and  where  the  prevailing  rocks  are 
limestone  and  shales,  with  heavy,  impervious  soils.  As  shown  in  the 
chapter  on  Flood  Flows  of  Streams  in  the  State  of  New  York,  tin* 

Complete  details  of  Hudson  and  Renesee  rivers  run-off  records  may  be  found  in 
Water-Supply  and  Irrigation  Pajiersof  the  United  States  Geological  Survey.  Nos. 
24  and  25 — "Water  resources  of  the  State  of  New  York."  by  George  W.  Rafter. 
Also  in  the  original  reports  on  Genesee  and  Hudson  Rivers  Storage  Projects  in 
the  annual  reports  of  the  State  engineer  and  surveyor  of  the  State  of  New  York. 
Discussions  of  various  phases  of  these  records  may  be  found  in  the  author’s  paper 
on  the  “  Data  of  stream  How  in  relation  to  forests.”  a  lecture  before  the  engineer¬ 
ing  clashes  of  Cornell  University,  April  1 4,  1899,  to  b  •  found  in  the  Proceedings  of 
tin*  Association  *>f  Civil  Engineers  of  Cornell  University,  1899. 
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flood  discharges  of  many  of  these  streams  are  very  heavy,  while  from 
the  impervious  nature  of  the  soil  and  its  small  capacity  for  retaining 
water,  the  summer  flows  are  either  very  light  or  practically  nothing. 
Such  characteristics  at  once  place  these  streams  in  same  category  as 
Genesee  River. 

Table  No.  4  lias  been  computed  from  the  Genesee  River  data  as 
per  table  No.  3,  and  gives  the  run-offs  of  the  foregoing  streams  trib¬ 
utary  to  the  feeder  line  for  the  navigation  months  of  each  year  from 
1892  to  1898,  inclusive,  the  month  of  April  being  taken  in  the  first 
part  of  the  table  as  one-half  a  month.  This  gives  a  period  from 
April  15  to  November  30,  inclusive,  of  229  days,  or  7  days  more  than 
the  average  season  of  navigation  on  Erie  Canal,  the  extra  time  of 
water  supply  being  required,  however,  in  order  to  cover  possible  con¬ 
tingencies  of  filling. 

In  case  of  demands  for  water  before  April  15  the  records  show  the 
run-off  of  tributary  streams  as  sufficient;  or,  if  there  were  to  be  a 
slight  shortage,  it  could  be  met  either  by  draft  on  the  excess  storage 
of  Black  River  reservoir  or  from  the  emergency  reservoirs  of  the  Sus- 
quehanna-Mohawk  divide. 

The  detail  of  Hudson  River  gaugings  has  been  given  so  fully  in 
the  reports  on  Hudson  River  Storage,  to  be  found  in  the  annual 
reports  of  the  State  engineer  and  surveyor,  and  also  in  the  author’s 
reports  on  Water  Resources  of  the  State  of  New  York,  Water-Supply 
and  Irrigation  Papers  of  the  United  States  Geological  Survey,  Nos. 
24  and  25,  as  to  render  extended  description  unnecessary  in  this 
place.  Table  No.  120  also  embodies  these  data. 

Table  No.  5  gives  the  run-off  of  Hudson  River  at  Meclianicville, 
where  the  catchment  area  is  4,500  square  miles,  in  inches  on  the  area, 
for  the  water  years  1892  to  1898,  inclusive.  In  regard  to  the  catch¬ 
ment  area  of  Hudson  River  at  Meclianicville,  a  computation  thereof 
made  from  catchment  area  map,  plate  94,  indicates  4,506.7  Square  miles 
as  the  true  figure,  rather  than  4,500  square  miles,  the  figure  previ¬ 
ously  obtained  from  less  accurate  maps.  This  difference  is,  however, 
so  small  that  it  has  been  deemed  best  not  to  recompute  the  vast 
amount  of  accumulated  data  of  the  author’s  work  in  previous  years, 
which  hinge  upon  an  assumed  catchment  area  at  Meclianicville  of 
4,500  square  miles,  and  that  figure  has  accordingly  been  retained  for 
the  computations  in  this  report.  In  any  case,  the  error  is  only  about 
fifteen-hundredths  of  1  per  cent. 

Table  No.  6  gives  the  same  data  of  Hudson  River  as  table  No.  5, 
with  the  run-offs  in  cubic  feet  per  second. 

Table  No.  7  gives  the  run-off  of  Hudson  River  for  the  water  years 
1892  to  1898,  inclusive,  in  cubic  feet  per  square  mile  per  second. 

In  table  No.  8  we  have  the  run-off  of  streams  tributary  to  the  pro¬ 
posed  Black  River  feeder  and  which  are  considered  to  be  in  the  same 
category  as  Hudson  River,  namely:  Trout  Brook,  South  Branch  of 
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Trout  Brook,  Orwell  Brook,  lVkin  Brook,  Salmon  River,  Beaver  Dam 
Brook,  West  Branch  of  Fish  Creek,  Mail  River,  Little  River,  Corey 
Brook,  Buell  Brook,  ami  Fast  Branch  of  Fish  Creek,  the  total  catch¬ 
ment  area  of  these  streams,  with  small  intervening  areas,  lieing  443 
square  miles,  which,  however,  <loes  not  inelmle  Salmon  River  area  of 
l'.to.a  square  miles  nlmve  proposed  barrage  on  that  stream. 

In  passing  from  north  to  south  along  feeder  lino  the  character  of 
the  country  changes  at  about  Trout  Brook.  The  difference  in  flow 
of  streams  here  was  exceedingly  marked  when  the  author  passed  over 
tin*  ground  on  reconnoissance,  August  1*,  1*'**.  To  the  north  of  Trout 
Brook  the  streams  were,  as  stated  on  a  previous  page,  dry  or  nearly  dry. 
That  stream,  however,  had  a  good  discharge,  as  did  Pekin  and  Orwell 
brooks,  Salmon  River,  and  Beaver  Dam  Brook.  So  far  as  known,  the 
meteorological  conditions  of  the  two  regions  had  remained  constant 
for  several  days  previously.  The  difference  in  run-off  may  be  partly 
ascribed  to  difference  in  forestation,  the  areas  from  which  Trout  and 
Pekin  brooks,  Salmon  River,  and  Beaver  Dam  Brook  issue  being  much 
more  extensively  timbered  than  the  areas  farther  north.  'The  surface 
soils  are  also  open  and  sandy,  with  the  underlying  rock  consisting 
largely  of  Oswego  sandstone — condit ions  which  all  tend  to  increase 
the  summer  water  yield  of  the  issuing  streams.  Taking  into  account 
also  the  meteorology  of  the  region,  it  api>ears  proper  to  apply  to  these 
streams  the  run-off  data  of  Hudson  River,  and  it  is  on  this  basis  that 
table  No.  s  ims  been  computed,  the  first  |R*rii m1  covered  being  taken, 
as  in  the  case  of  table  No.  f.  from  April  15  to  November  30,  inclusive. 

In  Oswego-Mohuwk  valleys  there  area  number  of  streams  of  which 
the  run-offs  are  not  projierly  classifiable  either  with  Renesec  River  or 
with  Hudson.  A  study  of  the  gaugings  of  these  streams  made  from 
September,  1  is,  to  May,  lS'.w,  inclusive,  together  with  a  study  of  the 
topographical,  geological,  and  forestry  conditions,  indicate  that  these 
streams  fall  in  a  category  by  themselves,  apparently  best  represented 
by  a  run-off  which  is  a  mean  between  Renesee  and  Hudson  rivers 
data.  Fable  No.  has  lieen  prepared  on  this  basis  for  the  water 
years  1  s'. 1 2-1*11*,  inclusive. 

Table  No.  1<>  shows  the  run-off  from  Fpper  Mohaw  k  and  Nine-Mile 
Creek,  with  a  total  eatchment  area  of  223.1  square  miles,  for  the  water 
years  1  *112-1  •*!>*,  inclusive,  based  on  means  of  Renesec  and  Hudson 
rivers  data,  as  per  table  No.  !»,  with  quantities  in  cubic  feet  per 
second. 

There  are  also  a  number  of  streams  in  the  vicinity  of  Rome  and 
I’tica  of  which  the  run-off  coefficient  is  somewhat  uncertain,  the 
information  at  hand  indicating,  however,  Renesec  River  more  nearly 
than  anything  else.  As  a  measure  of  safety  it  has  been  deemed  best 
to  apply  R ci lessee  River  data  to  the  following  streams:  Six  Mile 
Creek,  Beaver  Brook,  Canada  Creek,  Wood  Creek  al Hive  Fort  Bull, 
Sauquoit  (  reek,  and  Oriskany  Creek.  The  total  catchment  area  of 
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these  streams  is  348  square  miles.  Table  No.  11  gives  the  mean 
monthly  run-offs  in  cubic  feet  per  second  for  the  water  years  1892- 
1898,  inclusive,  on  the  basis  of  Genesee  River  data.  Table  No.  12 
gives  evaporation  from  a  water  surface,  as  observed  at  Mount  Hope 
reservoir  of  Rochester  waterworks  from  1892  to  1898,  inclusive.  The 
application  of  these  several  tables  to  the  solution  of  the  water-supply 
problem  in  hand  will  appear  as  we  proceed  further  with  the  discussion. 

Table  No.  1 — Showing  run-off  of  Genesee  River  at  Mount  Morris,  N.  Y. 


[In  inches  on  the  catchment  area.] 


Month. 

1892. 

1893. 

1894. 

1895. 

1890. 

1897. 

1898. 

December  . . . . 

1.04 

1.45 

2.34 

0. 01 

1.32 

0. 79 

0.95 

January . . .  . 

.78 

1.05 

1.40 

.66 

.47 

.78 

1.95 

February . - . 

1.29 

.86 

9*) 

.91 

.79 

1.85 

1.94 

2.31 

3. 31 

3. 39 

1.94 

3 

2. 65 

2. 75 

April .  . . 

2.21 

2.50 

2.01 

3.38 

1.31 

1.65 

May  . 

1.75 

2.00 

4.43 

.19 

.  17 

.99 

1.25 

June _ _ _ _ _ _ 

1.41 

,J5 

1.10 

.13 

.39 

.44 

.80 

July . - . - _ _ 

2.0*5 

.30 

.14 

.11 

.24 

.40 

.45 

August . . . . . 

1.43 

.  35 

•w 

.12 

.20 

.44 

.80 

September . . . . . 

.24 

.33 

.93 

.10 

.10 

.  18 

.50 

October  . . . 

.33 

.38 

.44 

.  11 

1.74 

.  18 

.78 

November . . . 

.  57 

.  54 

82 

.47 

.82 

.37 

1.40 

15. 42 

14.  .35 

19.38 

6. 67 

12.80 

9.38 

15.33 

Table  No.  2. — Showing  mean  run-off  of  Genesee  River  at  Mount  Morris,  N.  Y., 
from  a  catchment  area  of  1,070  square  miles. 

[In  cubic  feet  per  second.] 


Month. 

1892. 

1893. 

1894. 

1895. 

1890. 

1897. 

1898. 

905 

1.340 

2,170 

508 

1,220 

7;i3 

882 

724 

1,810 

1,297 

004 

430 

724 

1,810 

February  . . . . . . 

1,024 

1,803 

1.325 

884 

224 

907 

812 

1,900 

2,144 

3,074 

1,803 

2. 780 

2, 459 

552 

April . - . 

2,119 

2,397 

3. 245 

1,927 

3. 245 

1,256 

1 , 582 

May  . - . 

1 . 624 

2,413 

4, 108 

174 

157 

919 

1,160 

707 

1.352 

330 

1,050 

132 

128 

374 

422 

Julv . . . - . 

1.912 

278 

105 

220 

427 

418 

August . - . - . 

1.327 

325 

200 

115 

188 

408 

742 

September . _  _ . . 

230 

310 

888 

100 

148 

173 

404 

October . . 

306 

373 

407 

104 

1 , 004 

107 

724 

November . . . 

547 

518 

782 

449 

782 

355 

1.342 

Means  . . _ . . . 

1,211 

1, 132 

1,525 

520 

1,005 

738 

1,195 

Table  N<>.  3. — Showing  the  mean  run-off  of  Genesee  River  at  Mount  Morris,  iV.  Y,, 

for  each  square  mile  of  catchment  area. 


[In  cubic  feet  per  second.] 


Month. 

1892. 

1893. 

1894. 

1895. 

1890. 

1897. 

1898. 

0. 902 

1.259 

2.028 

0. 530 

1.145 

0.  687) 

0. 824 

.  070 
1.517 

1  082 

1 . 980 

1.699 

1.239 

2  004 

1.212 
.820 
2. 873 

.407 

1.091 

209 

.847 

.  759 

1.685 

2.604 

2. 295 

2.385 

April  . 

2. 289 

3.033 

1.800 

3.033 

1.174 

1.474 

May  . -  - . - . 

1.518 

2.255 

3. 839 

.  163 

.  147 

.858 

1.084 

1 . 263 

.314 

.981 

.  119 

.  349 

.  394 

.717 

1.787 

.  259 

.  123 

.  098 

.211 

.400 

.391 

1.146 

.304 

.187 

.  107 

.170 

.381 

.  093 

.214 

.  295 

.830 

.  093 

.1.38 

.101 

.4:10 

.  270 

.348 

.  380 

.097 

1.555 

.  150 

.  677 

.511 

.484 

.731 

.419 

.824 

.331 

1.754 

Means . . . 

1.123 

1 . 058 

1. 420 

.490 

.  953 

.  OSH) 

1. 133 

5JS4 
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TaBLF „No.  4.— Shoving  run-off  of  streams  tributary  to  Black  River  feeder,  north 
°J  l  ''out  Brook,  baaed  on  Oeneaee  River  data  for  years  1$92-1S!)8,  inclusive. 

[Catchment  area  of  258.3  square  mile*.  Quantities  in  cubic  feet  ]>pr  second.] 


Period. 


April . 

May . 

Jane . 

July  . 

August . 

Septemlier  . 

Octolier  . 

November . . 

Means . 

D“cemlier  (preceding  year) 

January  . 

February  . . . 

March  . 

April . 


law. 

1hs*3. 

1HV4. 

1H»5. 

1806 

1HH7. 

1808. 

MB 

m»: 

4M 

7tls 

207 

371 

3R5 

r»n 

ora 

41 

37 

2Ih 

ai5 

:cj> 

HO 

24R 

80 

RH 

lm 

PC! 

453 

66 

31 

25 

52 

101 

am 

<  • 

47 

27 

15 

!»7 

178 

54 

75 

210 

24 

35 

41 

loo 

TO 

RH 

HO 

25 

:bm 

40 

171 

129 

iai 

1R5 

108 

aw 

84 

m 

au 

1R2 

am 

67 

166 

111 

217 

31P 

514 

134 

065 

174 

aw 

1*1 

Mu 

307 

113 

1<B 

173 

42H 

31  4 

a  Hi 

53 

215 

IBS 

100 

426 

Me 

72* 

427 

IWIII 

.5H| 

608 

MB 

MIT 

767 

4-Vl 

76H 

ac 

373 

TaiU.F.  No.  b.— Showing  run-off  of  Hudson  River  at  Mechanicvilte .  .V.  Y. 


Month. 


December  . . . . 

January  . 

February  . 

March  . 

April  . . . . 

May . 

June . . 

July 

August . 

September . . 

<  b'tober . 

November . 

Totals . . . 


[lu  inches  on  the  catchment  area.] 


^  lH»B. 

Intel. 

1*H. 

l*ftV 

1806 

1807. 

• 

1HPH. 

2.27 

I.IQ 

1.85 

1.12 

2  ;» 

1.77 

3.67 

4. 83 

H2 

1  73 

.1*1* 

1  74 

1.08 

1.1*7 

1IW 

1  12 

.  as 

1  12 

,P0 

1  58 

2  ho 

2  11 

»l.  |H 

1  IH 

3.  41* 

3  13 

6  1H 

■  .  . 

4  44 

2  76 

5  1*1 

6  a* 

4  73 

3.  40 

ft.  ic< 

A.  71 

1  1*4 

1.76 

1  18 

3  <0 

2.  Rl 

8  OH 

1  IP 

1  76 

.70 

1  IH 

2  1*4 

1  :m 

2  38 

.  £ 

HI 

.66 

.  <  « 

2  74 

64 

1  41 

1  2R 

63 

1  m 

63 

2  11 

1.80 

1.  lo 

1.70 

47 

.85 

71 

.OH 

1*6 

72 

IW 

1*4 

•a* 

1  05 

i 

2.  IB 

1  08 

.Ml 

1  > 

2.08 

2.  H2 

2.  47 

2.29 

31  W 

21.  l*o 

IP.  37 

17  46 

28.63 

26  IP 

27.12 

Taiii.K  No.  n.—Slioiriny  mean  run-off  of  Hudson  River  at  Mechanicrille,  X.  Y., 
from  a  catchment  area  of  4,50"  stjuare  miles. 

[In  cubic  feet  j>er  second.] 


Month. 

1802. 

1888. 

1*PI 

1N«. 

1806. 

lM*7. 

lHlM 

Dwinler . 

January  . 

February  . 

March  -  .  . 

A  Jill  I . .  .  .....  ......  ......  ...... 

,  ............ . ........  ........  .......  ..... 

J  ......  .  .......  ...  ...  ........  ......  ...... 

Alik'HM  . 

8,577 
K  r*>7 
1*.  263 

4.  (Ml 
3. 11*2 
4.  N*5 

7,217 
6. 757 

4.  KM 

4.367 
3.  h7*1 
3.  .54-3 

—  . 

10,  RHP 
6.  7s7 

4  iWIh 

6. 1*13 
4,11*7 

3.  m*:. 

13.741 
7.723 
a.  7.51 

lo,  t*a* 

H,  2Ml 

ll.Tltn 

4,a*4 

13. 6*10 

11.214 

a*  22o 

21,5.54 

17.  RV* 

II.  135 

21.  H22 

24.1*72 

lP.INI 

13  712 

IP.  622 

22.  2R‘i 

7,566 

li.R'iO 

4.610 

12. 151 

11,095 

12.31*5 

4.  Nil 

7.iw: 

2.  Hpl 

4.  73h 

11.  Nil 

5  2H0 

1*2x7 

2.521 

2,530 

2.  772 

lo.  722 

8.570 

September . 

October  . 

November . 

4.44H 

2.  HIP 
7.604 

6.  H70 
3.  Nl.5 
3,  ten* 

1. 880 
3. 641* 
8.370 

2,82V 
2. 631 

H.  421 

*» .  4  i  - 

2.  h;p 
4. 106 
11,332 

2.  7.56 

2. 524 

P.  1*62 

5.  I’ll 
3.  H72 
7.HU5 
9. 243 

Means  . 

10, 11  w 

7,271 

6.41H  , 

5,780  | 

7.81H 

H,t«*» 

8, 1*34 
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Table  No.  7. — Showing  mean  run-off  of  Hudson  River  at  Mechanicville,  X.  Y..  for 

each  square  mile  of  catchment  area. 

[In  cubic  feet  per  second.] 


Month. 

1893. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

December . .  _ . . . . 

1. 906 

0. 896 

1.604 

.970 

2.420 

3.053 
1.716 
1.501 
4  493 

January _ _ _ _ 

4.190 

0.  709 

1.501 

.  861 

1.508 

.890 

February . . . 

2. 058 

1.068 

1.075 

.787 

1.037 

March . . . . . 

2.428 

1.833 

3. 275 

.934 

3. 022 

2.492 

April  . . 

4.790 

3. 975 

2.  468 

5. 310 

5. 550 

4.240 

3. 070 
2  400 

May . 

4.360 

4. 953 

1.681 

1.522 

1. 024 

2  700 

June  . . . . . . 

2.755 

1.067 

.626 

1.053 

2. 636 

1. 173 

July . . . . . 

2.638 

.560 

.704 

.  502 

2. 394 

.571 

August  . . . . 

1.219 

1. 112 

.546 

.543 

1.831 

1. 13? 

September . 

.988 

1.527 

.411 

.584 

.514 

.512 

838 

October . . 

.626 

.859 

.811 

.584 

.912 

N  ovember . . . _  _ 

1.690 

.809 

1. 415 

1.871 

2. 967 

2. 214 

2. 054 

Table  No.  8. — Showing  run-off  of  streams  tributary  to  Black  River  feeder,  includ¬ 
ing  Trout  Brook  and  streams  south  thereof,  based  on  upper  Hudson  data  for 
years  1S92-189S,  inclusive. 


[Catchment  area  of  443  square  miles.  Quantities  in  cubic  feet  per  second.] 


Period. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

April . . 

2,123 

1,720 

1.092 

2,353 

2,460 

1.880 

1.360 

May  _ _ _ _ _ _ 

1,931 

2, 194 

745 

fi74. 

454 

1,196 

1.092 

June . 

1.220 

473 

684 

277 

466 

1.168 

520 

1,168 

248 

312 

*>>> 

273 

1,061 

25? 

540 

493 

243 

384 

241 

811 

501 

428 

670 

182 

259 

228 

227 

371 

October . . 

277 

381 

359 

259 

417 

248 

777 

749 

358 

627 

829 

1,314 

981 

908 

Means . 

1,089 

844 

759 

496 

541 

614 

874 

681 

December  (preceding  year) _ 

398 

710 

430 

1,072 

688 

680 

1,352 

1,856 

314 

665 

381 

394 

760 

February  . 

912 

473 

476 

349 

459 

383 

665 

1.075 

812 

1.451 

414 

1,339 

1.104 

1.990 

2, 120 

1.720 

1,092 

2,352 

2,460 

1,880 

1,360 

Table  No.  9. — Showing  the  mean  run-off  between  Genesee  and  Hudson  rivers  data. 

[In  cubic  feet  per  second  per  square  mile.] 


Month. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

December . . . 

1.404 

1.077 

1.816 

0.750 

1.783 

1.110 

1.838 

January  . . - . 

2  428 

1.204 

1  356 

.713 

.  9.57 

.783 

1 . 6*57 

February  . 

1 . 787 

1. 153 

.  950 

.498 

.912 

.812 

1.238 

March.. . . . . . 

2.055 

1.918 

3. 074 

1.309 

2.813 

2. 394 

3.  439 

3. 385 

3.  i57 

2. 750 

3.555 

4. 291 

2.707 

May  .  _  _ _ 

2. 939 

3.604 

2. 760 

.842 

.585 

1.779 

1.  140 

June  . . - . 

2.009 

.690 

1.279 

.372 

.701 

1. 515 

.  945 

J  uly . 

2.212 

.41*9 

.413 

.  3(H) 

.413 

1 . 397 

,4'1 

August . . . - . 

1.182 

.708 

.366 

487 

.  359 

1.106 

.  913 

September . -  - 

.601 

.911 

.  620 

.338 

.326 

.  336 

.  (534 

October  . 

.  4  d 

.603 

.  645 

.340 

1.233 

.358 

1 .  215 

November . — 

1.101 

.646 

1.073 

1.145 

1.895 

1.272 

1.904 

I)KE1 
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Table  No.  10.— Shorn  nq  run-off  from  Upper  Mohawk  River  and  Nine  Mile  Creek, 
for  year s  IS'U  to  1WS.  inclusive,  hosed  on  mean  of  Genesee  anil  Hudson  rivers 
data.  Total  catchment  area  =zJJi;.l  square  miles. 


Mouth. 


Decern  lier 
January  .. 
February . 

ManO) _ 

April 
May  .... 

J  MM 

July . 

August 

Keptemlier 

October 

November 


[In  cubic  feet  per  second.  ] 


1*92 

1*93. 

1*04. 

317 

-*u 

Ill 

549 

-*7-’ 

.307 

lot 

201 

215 

40.5 

i;n 

iM> 

7«5 

711 

ICS 

005 

sir, 

•  121 

451 

1541 

2S1* 

mjo 

lb* 

M 

-117 

inn 

K| 

134 

an 

IP) 

ne 

130 

1PI 

1141 

243 

UHL 

lHM. 

181*7. 

1898. 

l7n 

on 

251 

OS 

ini 

21  n 

177 

377 

113 

213 

1*4 

281) 

aw 

636 

541 

779 

S4H 

!)7l) 

1112 

Ut 

100 

132 

pc 

PH 

si 

158 

343 

211 

•IS 

!t| 

316 

no 

Hu 

Si 

It’S) 

2  « 

7H 

73 

7ll 

10 

1  i 

271* 

HU 

STB 

25! 1 

42s 

287 

430 

Table  Nib  11.— Showing  run-off  from  Six  Mile  Creek,  Hearer  Brook,  Canada 
Creek,  1 Food  Creek  (above  Fort  Hull),  and  Sauquoit  and  Oriskany  creeks , 
having  a  total  catchment  area  of  .f|v  square  miles,  Hased  on  Genesee  River 
data  for  years  M9J  to  JS'JS,  inclusive. 


[In  cubic  feet  per  msSinil.  ] 


Month. 


December . 

January  . 

February  . . . . 

March..' . 

April  . 

May  . 

June  . 

July . ’ 

August .  . * 

September . 

October  . . . . . 

Novemljer  . . . 


1*92. 

1HHL 

inm 

1*9.5. 

1890. 

1*97. 

314 

Pis 

ns 

1*4 

•  B** 

2ls 

8*5 

591 

122 

190 

142 

215 

528 

Pil 

2*7 

73 

295 

2«W 

585 

•M»7 

l.iill 

5*W 

1«»1 

799 

080 

779 

1.056 

020 

1,055 

109 

.528 

7*5 

1.2U 

57 

51 

299 

IP* 

111* 

341 

11 

121 

1:17 

022 

.90 

31 

7:1 

139 

300 

1IM 

•55 

37 

•11 

121 

75 

net 

2*9 

32 

1* 

50 

IW 

121 

132 

34 

541 

54 

17s 

ha* 

251 

1PI 

>7 

115 

lw*. 


2*7 

580 

ills 

Km 

513 

377 

250 

IF, 

-Ml 

150 

2W 

llll) 


Table  No.  12.— Evaporation  from  a  water  snrfaee  as  ohsert'ed  at  Mount  Hoite 
Reserroir  of  Rochester  (.V.  V.)  Waterworks,  for  the  indicated  months  and 
years. 


[In  iuebea. ] 


Month. 

1*SC 

l*Ul 

1*94 

1  *'.»•, 

1*00. 

(6) 

1*«7. 

•  7) 

1*MK 

<«) 

Average*. 

(1) 

(S) 

(3) 

‘ 

(5) 

Peril  *1. 

101 

Depth. 

■  Ill, 

Januarv  . 

11  45 

II  *j|f 

F  ebruary . 

45 

II.  •>< 

March  . 

VI 

1  70 

2  16 

3.  30 

1  50 

1  II 

3.  ill 

6  i  .5 

0  85 

1  •- 
3 

2  57 

.  00 
1.41 

2.  7* 

3.  89 

, 5  pril  ...... .... ........ 

May . 

June  . 

2  7* 

3  ai 

4 112 

2.  7* 

3.  33 

1  01 

5.  *0 

5  ;iu 

3  17 

3  27 

2  60 
3.  .32 
8  if 
5.31 
0.80 
b  n 

2M 

■1 

1  00 
5.75 

5  92 

5  13 
5. 11 

3.  ill 

1  51 

1  M 

•1 

.Y72 

1*91  ]*!M 
1*02  1*9* 
1*92  !*!•* 
1*91  1*08 
1*91  1808 
1*91  1808 
1*91  1*9* 

July  . 

i  ,  . 

1  "1 

5.06 

August  . 

September  . 

1  October  ..... 

Novc*ml**r  ... 

1  *5 

I  61 
3.28 

5  21 

3.  :i* 

2  15 
1.60 

1  1*1 

5  ;; 

1  on 

3. 33 

1  21 

5.  lU 
5.20 
4  13 
3.  IS 
1.48 

1.51 

lHUr>  1  HUH 

.  Oli 

l*9l>-  1*9* 

1.21 

f.AUOINd  OF  STREAMS  TRIBUTARY  To  DEE1*  WATERWAYS  IN  CENTRAL 

AND  EASTERN  NEW  YORK. 


Ai  iln*  beginning  ut  tin*  special  water-supply  investigation  it  was 
<l(M*mi*il  advisable  to  gauge  a  considerable  1111111111*1-  of  streams  tribu¬ 
tary  to  deep  waterways  in  central  and  eastern  New  York,  not  only 
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with  reference  to  extending  our  information  as  to  low-water  flow  of 
Oswego,  Mohawk,  and  Hudson  rivers,  but  especially  to  gain  more 
definite  knowledge  of  the  flood  flows  of  these  streams  and  their  tribu¬ 
taries,  it  being  clearly  recognized  that  the  control  of  floods  in  the 
canalized  river  beds  was  a  very  serious  feature  of  the  general  prob¬ 
lem.  Acting  on  this  view,  20  gauging  stations  were  established,  as 
shown  by  Nos.  1  to  20,  inclusive,  on  plate  99,  which  also  indicates 
catchment  areas  tributary  to  deep  waterways  and  from  which  it  is 
necessary  to  consider  run-offs  in  the  special  water-supply  investiga 
tion.  In  addition  to  the  20  stations  established  in  connection  with 
the  present  work  there  are  also  shown,  on  plate  99,  3  stations  previ¬ 
ously  established  by  the  author  in  connection  with  work  for  the 
State  of  New  York.  Finally,  a  station  had  been  established  by  the 
Watertown  Waterworks  on  Black  River  at  Iluntingtonville,  a 
suburb  of  the  city  of  Watertown,  and  of  which  the  data  have  been 
kindly  placed  at  our  disposal  by  the  board  of  water  commissioners 
of  the  city  of  Watertown  from  the  beginning  of  observations  in 
March,  1897,  down  to  date.  The  gauging  station  on  Hudson  River 
at  Mechanicville  is  that  previously  referred  to  and  at  which  point 
records  have  been  kept  by  The  Duncan  Company  from  October,  1887, 
to  the  present  tin\e. 

The  following  are  the  serial  numbers  and  names  of  these  several 
gauging  stations: 

1.  Seneca  River  at  Baldwinsville. 

2.  Oswego  River  at  Fulton. 

3.  Cliittenango  Creek  at  Bridgeport. 

4.  Oneida  Creek  at  Kenwood. 

5.  Wood  Creek,  near  mouth. 

6.  Fish  Creek,  west  branch,  at  McConnellville. 

7.  Fish  Creek,  east  branch,  above  Point  Rock. 

8.  Salmon  River,  about.  1  mile  above  falls. 

9.  Mohawk  River  at  Ridge  Mills. 

10.  Nine  Mile  Creek,  1  mile  below  Stittville. 

11.  Oriskany  Creek,  State  dam,  Oriskany. 

12.  Oriskany  Creek  at  Coleman. 

13.  Sauquoit  Creek  at  New  York  Mills. 

14.  West  Canada  Creek  at  Middleville. 

15.  Mohawk  River  at  Little  Falls. 

10.  East  Canada  Creek  at  Dolgeville. 

17.  Gfaroga  Creek,  3  miles  above  mouth. 

18.  Cayadutta  Creek,  below  Johnstown. 

19.  Schoharie  Creek,  State  dam.  Fort  Hunter. 

20.  Mohawk  River  at  Rexford  Flats. 

21.  Hudson  River  at  Mechanicville. 

22.  Hudson  River  at  Fort  Edward. 

23.  Schroon  River  at  Warrensburg. 

24.  Black  River  at  Huntingtonville. 

With  the  exception  of  Hudson  Rivei  at  Fort  Edward,  the  catch¬ 
ment  areas  of  these  several  streams  at  the  points  of  gauging  may  be 
obtained  from  the  tabulation  of  catchment  areas  on  pages  921  to  924. 
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In  regard  to  Hudson  River  at  Fort  Edward  and  Schroou  River  at 
Warrenslmrg,  it  may  be  stated  that  while  the  run-off  data  at  these 
places  are  available,  nospeeilie  use  for  them  appearing  in  the  present 
work,  it  has  not  been  considered  worth  while  to  expend  tin*  consider¬ 
able  amount  of  labor  necessary  for  their  reduction.  The  record  of 
these  gaugings  at  Fort  Edward  and  Warrensburg,  as  well  as  at 
Mechanioville,  together  with  the  Black  River  record  at  Iluntington- 
ville,  have  all  l>een  furnished  without  expense  to  your  Board.  The 
(ienesee  River  record  at  Rochester  from  Decemlier,  l*f*7,  to  May, 
1800,  inclusive,  has  also  been  furnished  without  expense  by  E.  A. 
Fisher,  city  engineer  of  Rochester.  The  author  takes  this  occasion 
to  express  his  thanks  to  the  parties  keeping  these  several  records  for 
kindly  furnishing  them. 

Diagrams  showing  the  daily  flow  of  Hudson  River  at  Mechanic- 
ville  from  October,  1*87,  to  November,  180ft,  may  be  found  in  the 
annual  report  of  the  State  engineer  and  surveyor  of  the  State  of  New 
York  for  the  fiscal  year  ending  September  .'10, 180ft.  Plate  100,  accom¬ 
panying  this  report,  is  a  continuation  of  the  said  diagrams  from 
December,  1*1*5,  to  November,  1S08,  inclusive.  The  diagrams  in  the 
annual  report  of  the  State  engineer  and  surveyor  for  1805  (plates  1, 
and  4  of  the  author’s  report  on  the  I'pper  Hudson  storage  sur¬ 
veys),  together  with  plate  loo  of  this  report,  therefore  make  a  continu¬ 
ous  exhibit  of  t he  daily  flow  of  Hudson  River  at  Mechanicville  from 
October,  1**7,  to  Novemlier,  1*1*8,  inclusive,  a  period  of  eleven  years 
and  two  months.  On  referring  to  plate  4  of  the  annual  report  of  the 
State  engineer  and  surveyor  for  181*5  and  to  plate  It  mi  of  this  report,  it 
will  be  observed  that  the  title  record  at  Albany  for  the  months  of 
navigation  in  Hudson  River  has  ls*en  plotted  thereon  covering  the 
years  from  1*1*4  to  1st  is,  inclusive.  The  significance  of  this  title  dia¬ 
gram  in  connection  with  the  daily  run-off  <»f  Hudson  River  has  been 
discussed  in  the  author’s  report  to  the  State  engineer  and  surveyor  on 
tin*  I’pper  1 1  ud  son  storage  surveys  for  181*5  so  extensively  as  to  render 
additional  discussion  unnecessary  here  any  further  than  to  point  out 
that  the  demonstration  of  intimate  relation  existing  between  tide 
fluctuations  and  dailv  inflow  of  fresh  water  is  considerably  strength- 
cued  by  the  additional  three  years’  record  presented  on  plate  1(H». 

Plate  101  gives  the  daily  flow  of  Black  Riverat  Iluntingtonville  from 
February,  1*1*7,  to  May,  1*1*1*,  inclusive,  together  with  the  precipita¬ 
tion  and  mean  temperature.  The  full  line  on  the  diagram  of  daily 
flow  shows  t  he  act  ual  run-offs  at  1 1  lint  ingtonville  as  gauged  at  t  he  dam 
of  the  waterworks  of  the  city  of  Watertown,  while  the  daily  flow  of 
the  stream,  as  computed  from  proportionality  of  catchment  areas 
from  data  of  Hudson  River  at  Mechanicville,  is  shown  by  the  dotted 
line.  A  comparison  of  tin*  two  shows  that  the  run-offs  of  Hudson 
and  Black  rivers  per  unit  of  catchment  area  are,  for  a  considerable 
period,  substantially  the  same.  At  one  period  tin*  actual  observed 
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run-off  at  Huntingtonville  is  higher  than  the  computed  run-off  from 
Hudson  data,  while  at  other  times  the  opposite  is  true.  A  compari¬ 
son  of  the  monthly  means  of  the  two,  as  made  on  plate  102,  brings  out 
very  strongly  the  substantial  accord  per  unit  area  of  these  two 
streams.  On  plate  102,  however,  instead  of  comparing  daily  run-offs 
in  cubic  feet  per  second,  the  monthly  run-offs  in  inches  on  the  catch¬ 
ment  areas  are  compared. 

Tables  Nos.  122  and  123  give  the  same  comparison  for  these  two 
areas.  From  them  we  learn  that  the  total  difference  for  the  water 
year  1808  is  1.68  inches.  In  reference  to  this  difference  it  may  be 
remarked  that  it  is  probably  chiefly  due  to  different  methods  of  com¬ 
putation,  the  author’s  opinion  being  that,  on  account  of  similarity  of 
meteorological,  topographical,  and  geological  conditions,  the  run-offs 
of  these  two  streams  are  for  any  given  period  substantially  the  same; 
and  while  it  is  recognized  that  even  though  this  is,ou  the  whole,  true, 
still  there  might  be  small  variations  for  periods  of  one  or  two  years. 
Nevertheless,  it  is  probable  that  the  variation  is,  as  stated,  due  chiefly 
to  difference  in  methods  of  computation. 

Under  this  head  it  may  be  remarked  that  when  the  run-off  of  Hud¬ 
son  River  at  Mechanicville  was  computed  in  1895,  practically  the  only 
formula  in  use  in  the  United  States  for  such  computation  was  the 
sharp-edged  weir  formula  of  Mr.  Francis,  and  although  there  were  a 
few  engineers  who  had  studied  flows  over  dams,  and  who  were  aware 
that  a  formula  based  on  sharp-edged  weir  experiments  was  not  appli¬ 
cable  to  a  nearly  flat-crested  dam,  such  as  that  at  Mechanicville, 
nevertheless  no  one  had  been  able  to  work  out  any  substitute  which 
had  gained  general  acceptance.  In  making  this  statement  the  author 
does  not  overlook  the  valuable  experiments  of  Messrs.  Fteley  and 
Stearns  or  the  able  theoretical  deductions  of  J.  P.  Frizell.  The  broad 
statement  is  that  in  1895  American  engineers  were  practically  confined 
to  the  use  <>f  Air.  Francis’s  sharp-edged  weir  formula  for  flows  over 
dams,  whatever  the  depth  of  flow  might  be  and  whatever  the  profile 
of  the  crest.  Recognizing  in  some  degree  the  irrationality  of  this 
procedure,  the  author,  after  considerable  study  of  the  problem,  used 
for  the  computation  of  the  Mechanicville  data  the  formula  of  the 
Indian  engineers,  as  given  by  Lieutenant-General  Mullins  in  his  Irriga¬ 
tion  Manual.  Inasmuch  as  this  formula  is  given  at  length  in  his  report 
to  the  State  engineer  and  surveyor  in  1895,  and  also  in  Water-Supply 
and  Irrigation  Paper  of  the  United  States  Geological  Survey,  No.  24 — 
W ater  Resources  of  the  State  of  New  York,  Part  1 — the  author  will  not 
take  space  to  reproduce  it  here,  but  simply  refer  those  interested  to 
the  reports  cited,  where  it  may  be  found,  or  to  Mullins’s  Irrigation 
Manual  for  its  original  form.  The  Black  Riverdata  have  been  reduced 
by  an  application  of  the  coefficients  of  Bazin,  modified  b}T  the  Cornell 
University  experiments,  to  be  discussed  further  on.  As  the  result  of 
the  special  studies  herewith  included,  it  is  the  author’s  belief  that  the 
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computation  of  daily  run-off  from  the  Black  River  data,  while  still  a 
little  too  high,  is  nevertheless  more  accurate  than  the  eomputation  of 
Hudson  run-off  from  the  East  Indian  formula.  It  is  certain,  however, 
that  the  East  Indian  formula  was  a  great  improvement  over  the  use 
of  any  sharp-edged  weir  formula  on  a  flat-crested  dam  whatever. 
Taking  into  account,  therefore,  that  Black  River  run-off  as  computed 
is  a  little  high  and  Hudson  Rivera  little  low,  we  may  assume  the  two 
as  substantially  equal. 

It  being  conceded,  then,  that  the  comparison  of  run-offs  of  Hudson 
and  Black  rivers,  as  made  on  plates  K >1  and  1<»2,  shows  that  for  the 
period  actually  covered  (March,  1*1*7,  to  May,  1  *'.*!*,  inclusive)  the  run¬ 
offs  of  these  two  streams  were  the  same  for  a  i>eriod  as  long  as  two 
years  and  two  months,  they  may  1m*  expeeted  to  fairly  agree  for  any 
period  whatever.  Hence,  having  the  run-off  recon  1  of  one  stream, 
together  with  the  catchment  areas  of  both,  we  may  eompute  for  a 
series  of  years  the  approximate  run-off  of  the  other  stn*am.  Proceed¬ 
ing  on  this  basis,  plates  1<>.‘1,  1<*4,  and  1<*.5  have  l>een  prepared,  giving 
a  diagram  of  daily  run-off  of  Black  River  for  the  cut  ire  period  covered 
by  the  Hudson  River  Meclmnicville  record,  except  so  far  as  we  have 
a  record  of  Black  River  itself  on  plate  H>1.  That  is  to  say,  plates  103, 
1<»4,  and  1  * >5  cover  the  perhsl  from  October,  1**7,  to  January,  1*1*7, 
inclusive,  the  balance  of  Black  River  record  l»eing  shown  on  plate  1**1, 
as  previously  described.  Plates  101,  loJ,  104,  and  1 0.5  give,  therefore,  a 
complete  diagram  of  daily  run-off  of  Black  River  from  October,  1**7, 
to  May,  1*1*1',  inclusive.  These  diagrams  enable  one  to  estimate  the 
effect  upon  Black  River  of  the  proposed  storage  and  eompensation 
reservoir  above  Carthage. 

Before  proceeding  to  a  description  of  each  gauging  station  in  detail, 
we  will  describe  the  general  methods  pursued  in  these  gaugings.  In 
the  first  place,  with  the  exception  of  W<mm1  (’reek,  the  gaugings  have 
all  lw*en  made  over  existing  dams  on  the  several  streams.  Many  of 
these  dams  have  irregular  crests,  lnith  longitudinally  and  transversely, 
and  the  method  of  treatment,  in  order  to  obtain  correct  results,  fre¬ 
quently  Iweame  a  matter  of  some  difficulty.  In  a  few  cases,  as  on 
Nine  Mile  (’reek.  West  Canada  (.’reek,  etc.,  where  the  crests  were  very 
irregular  longitudinally,  a  small  amount  of  work  was  done  in  the  way 
of  leveling  the  same.  Generally,  however,  the  crests  were  left  in  the 
same  condition  as  found,  a  careful  profile  taken,  and  the  crest  divided 
into  a  series  of  approximately  level  sections,  as  will  la*  describ'd  more 
in  detail  in  another  place.  A  gauging  blank  was  also  furnished  the 
gauge  readers  with  columns  for  entering  depth  on  crest  of  dam  fore- 
mam  and  afternoon,  the  number  of  wheels  used,  size  of  same,  name 
of  manufacturer  and  daily  run,  working  head  on  wheels,  readings  of 
headrace  and  tail  race  gauges,  and  other  information  necessary  for 
keeping  an  accurate  account  of  the  water  actually  passing  over  the 
crest  for  twenty-four  hours,  as  well  as  through  the  waterwheels  for  the 
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same  period.  Gauge  readers  were  employed  to  make  these  readings 
twice  each  day.  In  order  to  obtain  the  flows  through  the  water  wheels, 
recourse  was  had  to  the  records  of  the  test  flume  of  the  Holyoke  Water 
Power  Company,  of  Holyoke,  Mass.,  where  the  principal  wheels  now 
in  common  use  in  the  State  of  New  York  have  at  one  time  and  another 
been  tested.  On  requesting  a  record  of  such  tests  as  applying  to  wheels 
at  the  several  gauging  stations  Nos.  1  to  20,  the  Holyoke  Water  Power 
Company  kindly  responded  that  they  would  furnish  the  records  under 
the  condition  that  they  be  not  published  except  the  consent  of  the 
parties  for  whom  the  wheels  had  been  tested  was  first  obtained.  This 
condition  being  assented  to,  information  was  furnished  as  to  tests  of  the 
principal  wheels  in  use,  giving  the  proportional  part  of  the  opening  of 
the  speed  gate  for  various  conditions  of  tests,  revolutions  of  the  wheel, 
quantity  of  water  discharged,  power  developed,  and  efficiency,  etc. 
From  these  records  discharge  curves  have  been  prepared,  of  the  form 
shown  on  plate  106,  which  embodies  the  data  of  a  36-inch  new  Ameri¬ 
can  turbine  wheel,  as  furnished  for  publication  by  the  manufacturers, 
the  Globe  Iron  Works  Company,  of  Dayton,  Ohio,  and  which  is  not 
subject  to  the  inhibition  of  nonpublication  made  by  the  Holyoke  Water 
Power  Company  of  the  unpublished  tests  furnished  from  their  records. 
By  the  use  of  such  series  of  curves  derived  from  actual  tests,  it  is 
believed  that  the  discharges  through  the  turbine  water  wheels  at  the 
various  gauging  stations  have  been  computed  with  a  very  high  degree 
of  accuracy.  In  a  few  cases,  where  there  were  no  tests  applying,  the 
discharges  as  per  manufacturers’  tables  have  been  used.  The  author’s 
thanks  are  due  Holyoke  Water  Power  Company  for  the  courtesy  of 
furnishing  these  \iseful  data. 

The  locations,  details,  etc.,  of  the  dams  at  the  several  gauging  sta¬ 
tions,  Nos.  1  to  20,  inclusive,  maybe  obtained  from  plate  107  to  plate 
126,  inclusive,  on  which  are  given,  in  addition  to  general  plans  of  the 
dams,  longitudinal  sections,  profiles,  etc.,  together  with  the  discharge 
curve  at  each  station  as  computed  by  the  methods  to  be  described  in 
detail  in  the  chapter  on  methods  of  computing  discharge  over  dams  at 
the  several  gauging  stations.  The  following  brief  notes  on  the  several 
gauging  stations  are  given  herewith  for  convenient  reference. 

Gauging  station  No.  1  (plate  107)  is  located  on  Seneca  River,  a  trib¬ 
utary  to  Oswego  at  Baldwinsville,  where  the  catchment  area  above  the 
point  of  gauging  is  3,103  square  miles.  The  dam  is  a  substantial 
masonry  structure  with  cross  section,  as  shown  on  plate  107,  and  built 
in  1891-95,  taking  the  place  of  an  old  crib  dam  located  just  above  the 
new  dam,  and  also  shown  in  section  on  plate  107.  The  dam  is  the 
property  of  the  State  of  New  York,  being  a  part  of  the  State  canal 
system. 

Water  is  taken  from  the  dam  by  two  mill  raceways  and  also  by 
the  Baldwinsville  side-cut  canal  and  delivered  to  10  manufacturing 
establishments,  where,  after  passing  through  turbine  water  wheels,  a 
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large  percentage  of  tin*  flow  is  returned  to  tin*  river  below  tlu*  darn. 
The  following  are  the  names  of  the  manufacturing  establishments 
which  have  allowed  daily  records  of  wheel  service  to  be  kept :  Kenyon 
Paper  Company,  Ilotaling  it  Co.,  Clark  <t  Mercer,  J.  d*  J.  C.  Miller 
Company,  Jacob  Ames,  Morris  Machine  Company,  J.  F razee  Milling 
Company,  ( K.  Hart,  C.  N.  I » 1  iss,  and  Penn  Spring  Works.  The 
length  of  the  crest  of  Maldwinsville  dam  is  423  feet. 

According  to  statements  of  parties  at  Ihildwinsville,  the  new  dam 
is  nearly  water-tight.  There  is,  however,  considerable  leakage  at  a 
number  of  flumes  and  bulkheads  which,  together  with  a  small  amount 
of  wastage,  has  been  taken  as  constant  at  loo  cubic  feet  per  second, 
which  quantity  has  been  added  to  the  computed  flow  over  the  dam 
and  through  the  water  wheels. 

t  tanging  station  No.  2  (plate  10S)  is  located  on  <  fswego  River  at  Fid- 
ton,  where  the  catchment  area  above  the  poinl  of  guaging  is  4,1*15.0 
square  miles.  The  dam  at  this  station  is,  the  same  as  at  P.aldwins- 
ville.  t  he  property  of  t  he  State  of  New  York,  forming  a  part  of  <  >swego 
Canal  slack-water  navigation.  The  Oswego  Falls  Pulp  and  Paper 
Companv  occupy  the  east  side  of  the  river  with  their  pulp  and  paper 
mill,  while  the  west  side  is  occupied  by  the  extensive  worsted  mills  of 
The  American  Woolen  Company.  Plate  10k  shows  a  general  plan  of 
the  locality,  as  well  as  a  profile  of  the  crest  of  spillway  and  section 
of  dam. 

I'his  dam  is  considered  to  be  so  nearly  water-tight  that  leakage  may 
be  neglected. 

<  tanging  stat ion  No.  3  (plate  1< *'.•)  b  located  on  Chit tenango  Creek,  a 
tributary  to  Oneida  Lake  at  liridgeport,  where  the  catchment  area 
above  the  point  of  gauging  is  3otj.«.i  square  miles.  Thcdevelojied  water- 
power  at  llridgeport  consists  of  a  gristmill  on  the  east  side  of  the 
stream  and  a  sawmill  on  the  west  side,  both  owned  bySnvder  brothers. 
Details  of  the  location,  profiles,  sections,  etc.,  are  shown  on  plate  l<o. 

I  lie  dam  itself  is  fairly  water-tight,  but  t here  is  a  race  diverting 
water  to  an  old  mill,  mostly  out  of  service,  which  has  a  leaky  flume. 
The  leakage  through  the  flume  and  bulkhead  of  this  mill  and  through 
the  dam  has  been  taken,  as  a  matter  of  judgment,  at  15  cubic  feet  per 
second. 

(Tanging  station  No.  4  (plate  110)  is  located  on  <  bicida  (  reck,  a  t  ri hu¬ 
tary  to  Oneida  Lake  at  Kenwood,  where  the  catchment  area  above  the 
point  of  gauging  is  5'J  square  miles.  The  dam  is  the  property  of  the 
Oneida  Community  Company,  the  developed  water  power  consisting 
ot  a  silk  mill.  The  details  of  tin*  location,  profile,  sections,  etc.,  are 
shown  on  plate  1 10. 

1  he  leakage  of  this  dam  has  been  taken  constant  at  5  cubic  feet  per 
second  and  of  flow  over  waste  ways  at  10  cubic  feet  per  second.  This 
latter  figure  is  approximately  right  for  ordinary  flows,  but  probably 
somewhat  small  for  flood  flows. 
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Gauging  station  No.  5  was  established  on  Wood  Creek,  near  its 
mouth,  as  a  current-meter  rating  station.  Proper  locations  on  this 
stream  were  difficult  to  find,  and  after  some  hesitation  a  reach  near 
Fish  Creek  village  was  decided  upon  as  the  best  available,  and  the 
station  rated  by  current-meter  observations  taken  at  several  different 
stages  of  flow.  Unfortunately,  it  turned  out  that  the  flood  run-offs 
of  Fish  Creek,  even  with  comparatively  small  rise,  flowed  over  into 
Wood  Creek,  vitiating  the  record.  With  this  state  of  facts  it  lias  not 
been  deemed  worth  while  to  work  up  the  Wood  Creek  results,  and 
they  are  accordingly  omitted  from  the  accompanying  tabulations  of 
gaugings. 

Gauging  station  No.  (i  (plate  111)  is  located  on  West  Branch  of  Fish 
Creek,  a  tributary  to  Oneida  Lake,  at  McConnellsville,  where  the  catch¬ 
ment  area  above  the  point  of  gauging  is  186.7  square  miles.  The  dam 
is  the  property  of  Charles  and  Frank  8.  Harden,  who  operate  a  saw¬ 
mill  on  the  south  side  and  a  chair  factory  on  the  north  side.  The 
crest  was  originally  quite  irregular  longitudinally,  but  was  brought 
up  to  a  uniform  level  at  slight  expense.  A  plan,  profile,  and  cross 
section  of  the  dam  are  given  on  plate  111. 

The  leakage  of  this  dam  has  been  taken  constant  at  10  cubic  feet 
per  second. 

Gauging  station  No.  7  (plate  112)  is  located  on  East  Branch  of  Fish 
Creek,  also  a  tributary  to  ( hieida  Lake,  at  Point  Rock,  where  the  catch¬ 
ment  area  above  the  point  of  gauging  i&  104.3  square  miles.  The  only 
power  in  use  at  this  place  is  at  sawmill  on  the  south  side,  owned  by 
Fowler  W.  Willson,  which,  however,  has  not  been  in  use  except  for 
an  occasional  day  during  the  period  covered  by  the  gaugings.  The 
record  of  flow  at  this  station  is,  therefore,  that  chiefly  due  to  discharge 
over  dam.  The  usual  detailed  information  is  given  on  plate  112. 

The  leakage  has  been  taken  constant  at  10  cubic  feet  per  second. 

Gauging  station  No.  8  (plate  113)  is  located  on  Salmon  River,  1  mile 
above  the  high  falls,  in  the  town  of  Orwell,  where  the  catchment  area 
above  the  point  of  gauging  is  190.5  square  miles.  The  dam  is  owned 
by  Post  &  Henderson,  who  formerly  operated  a  sawmill,  which,  how¬ 
ever,  is  not  now  in  use.  The  dam  was  found  to  leak  badly,  and  in 
order  to  determine  the  amount  of  the  same  a  current  meter  determi¬ 
nation  of  the  total  flow  was  made  at  Stillwater  bridge,  where  a  favor¬ 
able  section  for  current  meter  work  was  found,  the  difference  between 
the  flow  at  that  point  and  the  flow  over  the  dam  being  88  cubic  feet 
per  second,  which  quantity  has  accordingly  been  added  to  the  daily 
flows  as  determined  from  the  gauging  record.  4' he  current  meter  used 
for  this  purpose  was  a  small  Price  meter,  loaned  by  the  United  States 
Geological  Survey.  The  usual  plans,  profiles,  and  section  are  given 
on  plate  113. 

Gauging  station  No.  9  (plate  114)  is  located  at  Ridge  Mills,  on  Upper 
Mohawk  River,  a  short  distance  above  Rome,  where  the  catchment 
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area  above  the  point  <>f  pinging  is  152.5  square  miles.  The  dam  on 
which  the  gaugings  were  made  is  the  property  of  thecityof  Rome,  the 
developed  water  power  being  used  to  produce  power  for  the  pumping 
station  of  the  Rome  waterworks.  A  general  plan,  profile  of  crest,  and 
cross  section  of  dam  are  shown  on  plate  114. 

This  dam  is  substantially  built  and  is  practically  water-tight,  the 
leakage  probably  not  exceeding  5  cubic  feet  per  second. 

Ranging  station  No.  I<>  (plate  115)  is  located  on  Nine  Mile  Creek,  a 
tributary  to  Mohawk,  near  Stittville,  where  the  catchment  area  above 
the  point  of  gauging  is  62.0  square  miles.  The  dam  on  which  the 
gaugings  were  made  is  the  property  of  Raymer  Powell,  who  operates 
a  grist  and  saw  mill.  Very  little  work  has  been  done  at  these  mills 
duringt  he  gauging  period,  and  t  he  gaugingreeord  is,  therefore,  confined 
to  t  In*  daily  flow  over  1  he  dam.  Refer  to  plate  1 15  for  details. 

The  leakage  of  this  dam  is  also  taken  at  5  cubic  feet  per  second. 

(ranging  station  No.  11  (plate  116)  is  located  on  Oriskany  Creek,  a 
tributary  to  Mohawk,  at  Oriskany,  where  the  catchment  area  above 
the  point  of  gauging  is  1  44.3  square  miles.  Tin*  dam  is  the  property 
of  the  State  of  New  York,  its  purpose  being  to  divert  water  from 
Oriskany  Creek  to  Erie  Canal.  During  navigation  months  a  record 
was  kept  of  the  gate  openings,  together  with  daily  observations  of 
difference  of  water  surfaces  above  and  below  gates.  <  Mitside  of  navi¬ 
gation  months  the  feeder  gates  arc  entirely  dosed  and  the  record  is 
that  of  flow  over  dam  only.  A  plan,  profile  of  crest,  and  cross  sec¬ 
tion  of  dam  may  be  seen  on  plate  116. 

This  dam  is  considered  to  be  so  nearly  water-t  ight  that  leakage  has 
been  neglected . 

Ranging  station  No.  12  (plate  117)  is  also  hs-ated  on  Oriskany 
Creek,  at  Co|*-man,  where  the  catchment  area  above  the  {mint  of 
gauging  is  lt<».7  square  miles.  The  dam  is  the  property  of  \V.  S. 
Reeder  and  others,  the  developed  water  power  being  used  to  operate 
a  gristmill,  sawmill,  picking  mill,  etc.  The  details  of  tin*  location, 
with  profile  of  crest  and  section  of  dam.  may  be  seen  on  plate  117. 

The  object  of  establishing  two  stations  on  Oriskany  Creek  was  to 
determine  whether  on  dams  of  somewhat  different  forms  but  with 
substantially  the  same  catchment  area  the  flows  could  be  gauged 
close  enough  to  give  comparable  figures.  The  methods  of  computa¬ 
tion  us»*d  art*  described  in  the  chapter  on  methods  of  computing 
discharge  over  dams  at  the  several  gauging  stations,  ami  it  is  suffi¬ 
cient  for  present  purposes  to  refer  to  the  accompanying  tabulation, 
in  which  we  have  given  the  flows  at  stations  Nos.  11  and  12  for  the 
months  from  October,  18!>8,  to  February,  1  inclusive.  During 
the  winter  months  January  to  February  the  ice  was  kept  clear  from 
the  crests  of  both  dams.  The  results  show  close  agreement  and 
indicate  that  even  when  one  of  the  cases  is  complicated  by  discharge 
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through  a  number  of  water  wheels,  as  at  station  No.  12,  comparable 
results  may  still  be  gained.  The  following  are  the  flows  at  the  two 
stations  for  the  months,  stated  in  cubic  feet  per  second.  The  appar¬ 
ent  discrepancy  at  station  No.  11  in  October  is  explained  by  the  fact 
that  the  figures  for  that  month  are  the  means  of  only  the  last  sixteen 
days. 


Month. 

Station 
No.  11, 
Oriskany. 

Station 
No.  12, 
Coleman. 

October,  1898  . . . 

325 

327 

246 

November,  1898  . 

306 

335 

December,  1898 _ _ _ _ _ _ _ _ 

327 

295 

297 

February.  1899 . . . . . . . . 

m 

283 

The  leakage  has  been  taken  at  20  cubic  feet  per  second. 

Gauging  station  No.  13  (plate  118)  is  located  on  Sauquoit  Creek,  a 
tributary  to  Mohawk,  at  Upper  New  York  Mills,  where  the  catchment 
area  above  the  point  of  gauging  is  51.5  square  miles.  The  dam  is  the 
property  of  the  New  York  Mills,  the  water  power  being  used  to  oper¬ 
ate  an  extensive  cotton  mill.  Plan,  details,  etc.,  may  be  seen  on  plate 
118.  This  dam  is  water-tight  and  leakage  neglected. 

Gauging  station  No.  14  (plate  119)  is  located  on  West  Canada  Creek, 
a  tributary  to  Mohawk,  at  Middleville,  where  the  catchment  area  above 
the  point  of  gauging  is  518.7  square  miles.  The  dam  is  owned  by  the 
Nelson  Knitting  Company  and  other  manufacturing  establishments, 
the  water  power  being  used  to  operate  the  large  knitting  mill  of  the 
Nelson  Knitting  Company,  a  gristmill,  sawmill,  and  planing  mill. 
For  details  see  plate  119. 

From  observations  made  with  the  water  drawn  below  the  crest  the 
leakage  has  been  placed  at  50  cubic  feet  per  second.  As  shown  on 
the  map  (plate  119)  there  is  a  waste  way  near  the  New  York  Central  and 
Hudson  River  Railroad  depot.  A  daily  record  of  depths  on  this 
waste  way  has  been  kept  and  the  proper  quantity  added  to  the  daily 
flow. 

Gauging  station  No.  15  (plate  120)  is  located  on  Mohawk  River  at 
Little  Falls,  where  the  catchment  area  above  the  point  of  gauging  is 
1,300  square  miles.  The  dam  is  the  property  of  the  Astronga  Knitting 
Mill  Company  and  the  Little  Falls  Paper  Company,  the  developed 
water  power  being  used  to  operate  a  knitting  mill  and  a  paper  mill. 
Plans,  profiles,  and  sections  are  shown  on  plate  120. 

The  dam  is  a  substantial  masonry  structure,  erected  in  1897,  and 
is  water-tight. 

Gauging  station  No.  16  (plate  121)  is  located  on  East  Canada  Creek, 
a  tributary  to'Moliawk  at  Dolgeville,  where  the  catchment  area  above 
the  point  of  gauging  is  255.6  square  miles.  The  dam  is  a  substantial 
masonry  construction  and  is  the  property  of  the  Dolgeville  Electric 
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Power  Company,  the  developed  water  power  being  used  to  operate  an 
electric- power  station,  from  which  electric  light  and  power  are  sup¬ 
plied  to  the  villas  of  Dolgeville.  The  plans  ami  sections  are  given 
on  plate  121.  This  dam,  also  erected  in  1S'.»7,  is  water-tight. 

Gauging  station  No.  17  (plate  122)  is  located  on  Garoga  Creek,  a 
tributary  to  Mohawk  at  Levi  Yoratfs  paper  mill,  about  4  miles  north¬ 
west  of  Fort  Plain,  where  the  catchment  area  above  the  point  of 
gauging  is  80.8  square  miles.  The  dam  is  the  property  of  Levi 
Yoran,  who  uses  the  developed  water  power  to  operate  a  paper  mill. 
The  details  limy  bo  learned  from  plate  122.  The*  leakage <>f  thisdamis 
so  small  as  1o  be  negligible. 

Gauging  stat  ion  No.  In  (plate  12*1)  is  loeate<l  on  Cayadutta  Creek,  a 
tributary  to  Mohawk,  at  tin*  power  station  of  the  Johnstown  Fleet ric 
Light  Company,  about  2  miles  from  the  city  of  Johnstown,  where  the 
catchment  area  almve  the  point  of  gauging  is  40  square  miles.  The 
dam  is  the  property  of  the  Johnstown  Fleet  ric  Light  Company,  who 
use  the  developed  water  power  to  operate  their  electric-light  station. 
Details  of  the  location  are  showui  on  plate  123.  This  dam  is  practically 
water-tight. 

Gauging  station  No.  PJ  (plate  124)  is  located  on  Schoharie  Creek,  a 
tributary  to  Mohawk,  at  Fort  Hunter,  where  the  catchment  area  above 
the  point  of  gauging  is  'Jbi.7  square  miles.  This  dam  is  the  property 
of  the  State  of  New  York,  its  purpose  being  to  divert  water  from 
Schoharie  Creek  into  Erie  Canal.  Conditions  as  to  discharge  are 
similar  to  those  previously  described  for  gauging  station  No.  11  at 
Oriskany.  The  details  of  the  location  are  shown  on  plate  124. 

'Phis  dam  was  originally  a  rough  timlicr  dam  with  very  heavy  leak¬ 
age.  It  was  repaired  and  covered  with  plank  in  181>5  or  IHtMJ,  and 
the  leakage  considerably  lessened,  although  it  is  still  larger  than  it 
should  1m*.  .V  current  meter  determination  of  the  amount  of  leakage 
was  made  by  use  of  the  Price  meter  already  descrilied  in  discussing 
gauging  station  No.  S,  and  the  leakage  placed  constant  at  315  cubic 
feet  per  second.  This  work  was  done  late  in  the  fall  of  lsi>$  and 
should  have  been  checked  during  the  present  spring,  but  the  exigen¬ 
cies  of  rapid  completion  of  the  whole  work  have  not  permitted  of  this 
revision.  In  view  of  this  large  leakage  the  flows  of  Schoharie  Creek, 
especially  in  the  lower  stages,  must,  for  the  present,  be  considered 
somewhat  approximate.  For  higher  stages  the  error  from  this  cause 
is  not  large. 

Gauging  station  No.  2i>  (plate  125)  is  located  on  Mohawk  River  at 
Hex  ford  Flats,  where  the  catchment  area  above  the  point  of  gauging 
is  3,384. J)  square  miles.  The  dam,  which  is  a  substantial  masonry 
construction,  with  timl»er  apron  at  the  front,  is  the  property  of  the 
State  of  New  York,  its  purpose  being  to  divert  water  from  Mohawk 
River  for  Erie  Canal.  The  conditions  of  discharge  are  the  same  as 
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described  for  gauging  station  No.  11,  at  Oriskany,  and  station  No.  10, 
on  Schoharie  Creek  at  Fort  Hunter.  The  dam  was  thoroughly 
repaired  with  new  coping  and  partial  renewal  of  timber  apron  early 
in  the  season  of  1898.  A  plan,  profile,  and  section  are  shown  on 
plate  125.  This  dam  is  considered  to  be  water-tight. 

Gauging  stations  Nos.  21,  22,  and  23  are,  as  already  stated,  on  Hud¬ 
son  River  at  Mechanicville  and  Fort  Edward  and  on  Schroon  River 
at  Warrensburg. 

Gauging  station  No.  24  (plate  120)  is  located  on  Black  River,  at  Hunt- 
ingtonville,  a  suburb  of  the  city  of  Watertown,  where  the  catchment 
area  above  the  point  of  gauging  is  1,888.0  square  miles.  The  dam  is 
a  substantial  timber  construction  erected  in  1890  for  the  purpose  of 
supplying  water  power  at  the  pumping  station  of  the  Watertown 
waterworks.  According  to  statements  of  Frank  A.  Hinds,  C.  E., 
member  of  the  board  of  water  commissioners  of  Watertown,  there 
is  a  leakage  of  200  cubic  feet  per  second,  which  has  been  allowed  for 
in  reducing  the  gaugings.  The  details  of  this  station  are  shown  on 
plate  126. 


During  the  months  of  canal  navigation  the  mean  daily  flow  over 
the  Iluntingtonville  dam  has  been  increased  by  an  amount  equivalent 
to  the  diversion  from  the  Upper  Black  River  above  the  State  dam  at 
Forestport  for  the  supply  of  Black  River  and  Erie  canals. 

The  maximum  diversion  for  canal  puposes  occurs  during  the  month 
of  July,  and  for  this  month  the  total  amount  of  water  diverted  may  be 
taken  at  13,000  cubic  feet  per  minute.1  For  the  month  of  September, 
from  measurements  by  Aug.  S.  Ivibbie  in  1888,  it  is  found  that,  with 
the  feeder  running  at  10,000  cubic  feet  per  minute,  there  is  returned 
to  Black  River  by  lockages,  wasteweirs,  sluiceways,  and  feed  through 
lock  gates  an  average  amount  of  5,000  cubic  feet  per  minute,  as 
nearly  as  can  be  determined,  the  total  amount  actually  diverted  being 
11,000  cubic  feet  per  minute.2  The  amount  of  water  diverted  during 
the  remaining  months  of  canal  navigation  has  been  taken  as  bearing 
the  same  proportion  to  the  diversion  for  the  months  of  July  and  Sep¬ 
tember,  in  each  case,  that  exists  between  the  mean  depths  of  evapo¬ 
ration,  in  inches  per  month,  from  a  water  surface,  as  observed  at 
Rochester,  for  the  respective  months.3 

In  the  accompanying  table  column  (3)  gives  the  mean  monthly 
evaporation,  in  inches,  from  a  floating  tub  on  the  Mount  Hope  reser¬ 
voir  of  the  Rochester  waterworks.  Column  (2)  shows  the  number  of 
years  during  which  observations  have  been  made  for  each  month. 


’Annual  Report  State  Engineer  and  Surveyor  of  New  York  for  1894,  p.  239. 

2  Report  of  the  assistant  engineer  in  charge  of  examinations  of  the  sources  of 
water  supply  to  the  Black  River  and  its  tributaries.  Annual  Report  of  New  York 
State  Engineer  and  Surveyor,  1888.  p.  249. 

3 Annual  Reports  Executive  Board  of  the  City  of  Rochester,  N.  Y.,  1897,  p.  74. 
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Column  (4)  shows  ihe  same  thing  as  column  (3)  but  with  the  1KP7 
record  included.  Column  (.'»)  shows  the  quantity  divested  in  cubic 
feet  per  minute,  and  column  (»'.)  the  same  thing  in  cubic  feet  per 
second.  These  data  were  not  at  hand  at  the  time  that  the  computa¬ 
tions  for  flow  of  lllaek  River  were  made,  but  differ  so  little  from  the 
data  used  that  no  changes  have  been  made  in  the  former  results. 


Mean  monthly  evap¬ 
oration  from  ii  Diversion  of  water 
water  surface  at  for  the  supply  of 
Rochester,  X.  Y..  Black  River  Canal. 


Month. 

nil.  ,n 

Period  of 
olmer- 

ration  r.  For  thl, 

period 
iftren  in 
column  1 2  >. 

K"r  the 

name  lie- 

ri««l  with 
the 1**7 
re<*i  ir«l 
included. 

( 'uliic  fe**t 
i>*r 

minute. 

Cubic  feet 
j»-r 

second. 

(1) 

18» 

(8) 

1 

Ift) 

(ft) 

May .  . 

4ir. 

.1  ki 

ll.ioi 

183 

June .  . 

4  Ki 

4. 94 

lf.illi 

an 

July . 

ft.  m 

5  47 

13,  om 

i'll) 

AufpiHt  .  . . . . . 

5  •> 

5  :» 

U*.  :.*ii 

a«* 

September . 

4  <c 

4  15 

ll.<WO 

1K1 

(  ictolwr . 

3  13 

3. 1*1 

1».*4» 

104 

November . 

1  51 

1.45 

7.  Hill 

130 

The  dates  of  opening 

and  closing 

of  navigation 

on  ltlack  River 

Canal  for  the  years  ls'.t 

7  and  lKtlS 

Were  as 

follow 

s;  ls;*7. 

open***! 

May  closed  December  1;  ls'.ts,  opened  May  12,  closed  I>eeeml»er 
10.  I  hese  dates  have  been  taken  into  considerat ion  in  allowing  for 
diversion  in  May  and  I)eceml»er. 

In  regard  to  the  foregoing  dams  over  which  gaugings  have  been 
made,  it  may  In-  remarked  that,  taken  as  a  whole,  they  must  Ik*  con¬ 
sidered  fairly  satisfactory  in  this  particular  -that  most  of  them  possess 
the  quality  of  substantial  water-tightness.  This  quality  was  made 
one  of  the,  so  far  as  possible,  imperative  conditions  of  the  preliminary 
examination,  before  select  ing  a  gauging  stat  ion  on  any  given  stream 
it  was  sometimes  necessary  to  examine  several  dams,  tin*  quality  of 
water-tightness  Itcingun  important  consideration  in  the  tinal  decision. 
On  a  few  of  the  streams  gauged  water-tight  or  nearly  water-tight 
dams  do  not  exist. 
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The  following  tabulations  give  the  run-offs  of  the  several  streams 
referred  to  in  the  foregoing  as  gauged  during  the  present  work,  the 
run-off  of  Genesee  River  being  also  included  at  the  end: 

Comparative  tables  showing  run-offs  of  streams  in  Neiv  York  from  September, 

1898 ,  to  May,  1899,  inclusive. 

GAUGING  STATION  NO.  1. 

[Run-off  of  Seneca  River  at  Baldwinsville.  Catchment  area,  3,103  square  miles.] 


Date. 

Cubic  feet 
per 

second. 

Cubic  feet 
per  square 
mile  per 
second. 

Inches 
on  catch¬ 
ment 
area. 

Remarks. 

Replen  ishing  period. 

November,  1898  . . . 

3,137 

1.0 

1.1 

Mean  of  19  days. 

Storage  period. 

December,  1898 . 

2,689 

.9 

1.0 

January.  1899 . . . 

2,851 

.9 

1.1 

February.  1899  . . 

1,769 

.6 

.  6 

March,  1899 .  . 

3,875 

1.2 

1.4 

April,  1899  . . . . 

4,543 

1.5 

1.6 

May.  1899  . 

2,568 

.8 

1.0 

Means  and  total . . . 

3,050 

1.0 

6.7 

GAUGING  STATION  NO.  2. 

[Run-off  of  Oswego  River  at  Fultou.  Catchment  area,  4,915.0  square  miles.] 


Replenishing  period. 

November,  1398 _ 

Storage  period. 

December,  1898 . . . . 

January,  1899.  . . 

February,  1899 . . 

March,  1899 . 

April.  1899 . . . . 

May,  1899  . . . 

Means  and  total . . 


6,220 

1.4 

1.6 

5,300 

1.1 

1.3 

6, 150 

1.3 

1.5 

4,075 

.8 

.8 

7.830 

1.6 

1.9 

11,000 

2  2 

2. 5 

6, 586 

l.i 

1.3 

6.845 

1.4 

9.3 

GAUGING  STATION  NO.  3. 

[Run-off  of  Chittenango  Creek  at  Bridgeport,  Catchment  area,  306.9  square  miles.] 


Replenishin  g  per  iod. 

September,  1898 . . . 

October,  1898  . . . . 

November,  1898  . 

Means  and  total . 

Storage  period. 


December,  1898 
January,  1899. . 
February.  1899 

March,  1899 - 

April,  1899 _ 

May,  1899 . 


129 

320 

550 

0.4 

1.0 

1.7 

0.5 

1.1 

1.9 

333 

1.0 

3. 5 

530 

1.7 

2.0 

600 

2.0 

2.3 

450 

1.4 

1.5 

711 

2.3 

2.6 

820 

2.7 

3.0 

230 

.7 

.8 

563 

1.8 

12.2 

Mean  of  15  days. 


Means  and  total 
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Camjtarative  table s  slminng  nm-offs  of  streams  in  .Xeir  )  nrh-  from 
/v.'(.v,  t,,  May,  ISM,  i  net  ii  si  re — Continued. 


September, 


GAUGING  STATION  NO.  4 


[Ran -off  of  i  tnelda  <  reek  at  Kenwood.  Catchment  area.  SO  *.,uare  mile*.] 


1  late. 


Rrplr  n  i*h  ing  rind. 

(Vtolier.  Nw  . 

Nnvi'tnlrr.  1ms  . 

stnnujr  fiertod. 


Divi'ralwr,  1KW* . 

Januarj .  1MW 
i  •  it  uai  , .  i 

March.  IHHB . 

A  i  HI.  l*im  .  . 

May  UB9  ... 

Mean*  mid  total 


Cubic  feet  Cab,cf,‘et  Inche* 
.H.r  per  square  on  catch- 
second.  mile  |ier  incut 
second.  urea 


Remark*. 


7rt 

1.3 

1.5 

!»r. 

l.rt 

1.8 

75 

1.3 

1.5 

1)7 

1  *1 

1  I) 

71* 

1  3 

14 

l^t. 

2.1 

2.  4 

I>m 

2  7 

3  1 

5* 

Ml 

12 

Ml 

1.7 

115 

Mean  of  27  days. 


GAUGING  STATION  No  .. 


(Run  off  of  West  Branch  of  Fish  <‘reok  at  Mct'onnellnrille. 

Catchment  area,  l*tV.7aquare  mile*.] 

JCejtlrtuMhiHij  jH'ritnl, 

September,  law* 

ing 

Mean  of  1  s  day*. 

1  )>  tol»T.  IMS 

Novenilwr,  IMs 

run 

2  0 
2  1 

Mean*  and  total 

I.h 

eau 

Slurngr  period. 

D«ceml*-r.  1ms 

1.2 

January. |.Mm 

.tHA 

2‘ 

February.  Ivr* 

170 

KIM 

2.  4 

March.  lMn 

•J 

.  9 

A |.ril  Imiu 

4.  .1 

May.  Imhi 

O.  1 

l.rt 

Mean*  and  total . 

1.4 

42.', 

2  a 

15.  :> 

(4ACOIXO  STATION  No.  7. 


Hun-off  of  K«*t  Hranch  of  Plah  Creek  at  Point  Rock  Catchment  are*,  lm  .t  .quare  mile*.] 


Krftlrn  fjA ing  period. 


September,  Imw . 

October,  IMS  . 

Novemlier,  1ms . 

Means  and  total 


Slurmjt  i trriod 


Deceinlier.  1ms 
January.  lMW 
February.  I Min 
March  IMili 

Ajiril,  1M«» . 

May.  iMf.t . 


250 

310 

3M1 

2.4 
3.0 
3  8 

2.7 
3. 5 
4.0 

313 

3.0 

10.2 

an 

1.9 

M  O 

JR* 

2.0 

2.3 

251 

2.4 

2.5 

•  442 

3.3 

3.8 

731 

7.2 

8.0 

295 

2.8 

3.2 

;i44» 

3.3 

22.0 

Mean  of  ii  day*. 


Mean*  and  total 
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Comparative  tables  showing  run-offs  of  streams  in  New  York  from  September, 
189S,  to  May,  i899,  inclusive — Continued. 

GAUGING  STATION  NO.  8. 

[Run-off  of  Salmon  River  1  mile  above  falls.  Catchment  area,  190.5  square  miles.] 


Date. 

Cubic  feet 
per 

second. 

Cubic  feet 
per  square 
mile  per 
second. 

Inches 
on  catch¬ 
ment 
area. 

Remarks. 

Replenishing  period. 

November,  1898  . . . . 

490 

2.6 

2.8 

Storage  period. 

December,  1898 . 

315 

1.6 

1.8 

January,  1899  . . .  . 

522 

2.7 

3.1 

February,  1899 . 

200 

1.0 

1.0 

March,  1899 . . . 

468 

2.4 

2.8 

April,  1899........ . . 

2,220 

11.6 

12.8 

May,  1899 . 

605 

3.2 

3.  7 

Means  and  total . . 

722 

3.8 

25.2 

GAUGING  STATION  NO.  9. 

[Run-off  of  Mohawk  River  at  Ridge  Mills.  Catchment  area.  152.5  square  miles.] 


Replenishing  period. 

October,  1898  . . . 

324 

2.1 

2.4 

November,  1898  . 

356 

2.3 

2.6 

Storage  period. 

December,  1898 . 

210 

1.3 

1.6 

January,  1899 . 

332 

2  2 

2.5 

Februarv.  1899  . . . . . 

193 

1.3 

1.4 

March ,  1899 . . . . . 

430 

2.7 

3.3 

April,  1899  . . 

935 

6.1 

7.0 

May,  1899  . . 

275 

1.8 

2.1 

Means  and  total _ _ _ _ 

400 

2.6 

17.9 

GAUGING  STATION  NO.  10. 

[Run-off  of  Nine  Mile  Creek  at  Stittville.  Catchment  area,  02.6  square  miles.] 


Replenishing  period. 

September,  1898 . 

398 

6.4 

7.1 

October,  1898  . . . 

98 

1.6 

1.8 

November,  1898  . 

92 

1.5 

1.7 

Means  and  total . . . . . - . 

196 

3.2 

10.6 

Storage  period. 

December,  1898 . 

135 

2.1 

2.4 

January,  1899 . 

225 

3.6 

4.1 

February,  1899 . 

85 

1.4 

1. 5 

March,  1899 . . 

210 

3.3 

3.8 

April,  1899  . . . 

340 

5.4 

6.0 

May,  1899  . 

47 

.8 

.9 

Means  and  total . 

174 

2.8 

18.7 

Estimated  from 
mean  of  10  days. 


COli 
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Comparative  tallies  shotting  run-offs  of  streams  in  .Xeir  York  from  September, 
!£!>$,  to  Mai/,  ISU9,  inclusive — Continued. 


GAUGING  STATION  NO.  11. 


[Run-off  of  Ori-knny  Creek  «t  Oriskany.  <  'atchmcnt  area,  144.3  aqtiare  miles] 


I  >ato. 


Rrylt  mtlony  jh  rind. 

Octolier,  lMm . 

November,  1M*> . 


Sfunif/t  prriist. 


Doceinlier,  iwe  . 

January,  lmm. . 

February,  iwm . 

March,  IMm  . 

April.  IK*!' . 

May,  1mm . 

M«*an**  and  total 


Cubic  feet 

second. 

Cubic  feet 

Inches 

per  square  on  catch* 

mile  j>er 

HtMMJinl. 

tnent 

area. 

:tr. 

«>  O 

2.H 

.£*7 

2.3 

2.5 

327 

2.8 

2.  fl 

a*r. 

2.1 

2.4 

2W 

2  0 

2. 1 

342 

2. 3 

2.7 

4«m 

3.2 

3.6 

110 

.9 

1.0 

arrr 

2.1 

14.4 

Remarks. 


Moan  of  Iti  days. 


GAUGING  STATION  No.  13. 


[Run-off  of  Sauqnolt  Creek  at  New  York  Mill  a.  < Catchment  ana.  51.6  square  miles.] 


Krjilmishinu  period. 

September,  lHm . 

27 

0.5 

0.6 

Mean  of  11  days. 

o.-to»a*r.  l»'.e  . 

M 

1.1 

1  2 

November,  1M* . 

57 

1.1 

1.2 

Menus  and  total . 

47 

.» 

3.0 

Storage  ;«riu). 

December,  lm*>. ...  . 

57 

1.1 

1  3 

January,  iwm .  . 

66 

11 

1.3 

February,  l«m. .  . 

80 

1.1 

1.2 

March.  1mm 

111 

2.5 

April.  1  mm .  . 

127 

2  5 

2.8 

May.  l*im . 

» 

.  4 

.8 

Mean-  and  total . 

75 

1.4 

9  V 

GAUGING  STATION  No.  14. 

[Run-off  ,,f  Wmt  Canada  <rts-k  at  Middletrllle.  Catchment  area.  518.7  square  miles.] 
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Comparative  tables  showing  run-offs  of  streams  in  New  York  from  September 
1898,  to  May,  1899,  inclusive — Continued. 


GAUGING  STATION  NO.  15. 


[Run-off  of  Mohawk  River  at  Little  Falls.  Catchment  area,  1,306  square  miles.] 


Date. 


Replenishing  period. 

September,  1898 . . . 

October,  1898  . . . 

November,  1898  . 

Means  and  total . 

Storage  period. 


December,  1898 . 

January,  1899 . 

February,  1899  . . 

March,  1899 . 

April,  1899  . . 

May,  1899  . . 

Means  and  total 


Cubic  feet 
per 

second. 

Cubic  feet 
per  square 
mile  per 
second. 

Inches 
on  catch¬ 
ment 
area. 

Remarks. 

2,378 

1.8 

2.0 

Mean  of  8  days. 

2, 493 

1.9 

2  ?■ 

2,891 

2.2 

2.5 

2,586 

2.0 

6. 7 

2,036 

1.6 

1.8 

2,753 

2. 1 

2.4 

1,510 

1.2 

1.2 

3, 757 

2.9 

3.3 

8,102 

6.2 

6.9 

2, 651 

2.0 

2.3 

3, 475 

2.7 

18.0 

GAUGING  STATION  NO.  16. 

[Run-off  of  East  Canada  Creek  at  Dolgeville.  Catchment  area.  255.6  square  miles.] 


Replenishing  period. 

September,  1898 . . . 

638 

2.5 

2.8 

Mean  of  8  days. 

October,  1898 . . 

581 

2.3 

2.4 

November,  1898  . . . 

689 

2.7 

3. 0 

Means  and  total  . . . . 

635 

2.5 

8.8 

Storage  period. 

December,  1898 . 

564 

2 j> 

2.5 

Mean  of  18  days. 

January,  1899  . . . 

653 

2. 6 

2.9 

February,  1899 . . . . 

439 

1.7 

1.8 

March,  1899. . . . 

519 

2.3 

2.6 

April,  1899.. . 

1,978 

7.7 

8.6 

May,  1899 . 

633 

2.5 

2.8 

Means  and  total . . . . 

806 

3.1 

21.3 

GAUGING  STATION  NO.  1". 

[Run-off  of  Garoga  Creek,  4  miles  above  Fort  Plain.  Catchment  area,  80.8  square  miles.] 


Replenishing  period. 

October.  1898 . 

140 

1.7 

2.0 

November,  1898  . 

190 

2.3 

2.6 

Storage  period. 

December,  1898 . 

77 

.9 

1.1 

January,  1899  .  . 

43 

.5 

.6 

February,  1 899  _  . . . . . 

47 

.6 

.6 

March,  1899 . . . . 

160 

2.0 

2.3 

April,  1899 . . . 

500 

6. 1 

6.8 

May,  1899 . 

99 

1.2 

1.4 

Means  and  total . 

155 

1.8 

12.8 

604 
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Com jnt  rat  n't »  tables  shttU'ing  run-offs  of  streams  in  AVtr  York  from  Sent, miter 
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OAUOINO  STATION'  NO.  18. 

[Run-off  of  Cayadutta  Creek  at  Johnatown.  Catchment  area,  40  square  miles.] 


Date. 

Cubic  feet 
per 

second. 

<  ‘u l»i»*  feet 
1st  square 
mile  per 
second. 

1  Inches 
on  catch¬ 
ment 
area. 

Remarks. 

Replenishing  /teriod. 

8eptem1>er,  1H8H . 

10 

00 

no 

n  i 

Mean  of  3  days. 

October.  I*!** 

1.5 

•»  n 

1.7 

Novetnls-r.  iso* . 

Means  and  total . 

52 

1  a 

Nlortuj e  period. 

December,  lxn* . 

44 

W 

31 

74 

1.1 
i  ii 

January.  l*w . 

1.4 

M 

February.  1  "'.r*  . 

March.  1*1 1,1 

1  H 

2.1 

0.1 

Aj>ril,  l*ii!* . 

May,  ini'  . 

5.5 

•  8 

•  9 

Means  and  total . 

74 

1  H 

12.3 

- - - —  - 

OAUOINO  STATION  NO.  III. 

[Run  off  of  Schotiarie  Creek  at  Fort  Hunter.  Catchment  area.  square  mile*.] 


Replenishing  period. 

Keptemljer  1-410 . 

October,  1**  . 

November.  18W . 

4<» 

1.42* 

•»  at 

0.4 

1.5 

0.5 

1.7 

Mean  of  7  days. 

Means  and  total  . 

1.42B 

1  ft 

1.5 

— 

Storage  period. 

!  &1 

Decemlier.  lsns . 

t  «  ......  ......  ......  ....  .... 

Jioutn  1899 

.,  ,  .  ■•••• . .  ... .... ....... . 

February.  1  8W* _ 

•  1  ,  . '  '  . . . . 

March,  Irtu* 

1,853 
2. 584 
2. 224 

4 

2.0 

2.7 

2  3 
4.3 

2.3 
3.2 

2.4 

April,  isiri 

a  (I 

May.  ls'.rt 

4  2 

Means  and  total . 

1.  if 

iLikE* 

— - — - 

OAUOINO  STATION  NO.  30. 

[Run-off  of  Mohawk  River  at  Rexfurd  Flata.  Catchment  area.  square  miles] 


Stnrtiye  jteriod. 

December.  1888 . 

,  . . 

January.  1  ■>'.'■.* 

4,550 

1.3 

1.5 

Mean  of  24  days. 

February,  |N*i* 

1.2 

March.  I*!*1.' .  .. 

fj  JjfiQ 

1. 4 

April,  1  six* 

4.  1 

May.  l*'.x< . 

j  1V1 

0.  t 

Means  and  t<ital 

1. 4 

7,5-17 
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Comparative  tables  showing  run-offs  of  streams  in  Neu-  York  from  September, 
1898,  to  May,  1899,  inclusive — Continued. 

GAUGING  STATION  NO.  21. 

[Run-off  of  Hudson  River  at  Mechanicville.  Catchment  area,  4,500  square  miles.] 


Date. 

Cubic  feet 
per 

second. 

Cubic  feet  |  Inches 
per  square  on  catch- 
mile  per  j  ment 
second.  area. 

Remarks. 

Replenishing  period. 

September,  1898  . . . 

3.872 

0.9 

1.0 

October,  1898 . . . 

7,895 

1.8 

2.0 

November,  1898 . . . . . . . 

9,243 

2.0 

2.3 

Means  and  total . 

7,013 

1.6 

5.3 

Storage  period. 

December.  1898 . . . 

5,436 

1.2 

1.4 

January.  1899 . . . 

6, 668 

1.5 

1.7 

February,  1899 . 

5,258 

1.2 

1.2 

March.  1899  . 

9,018 

2.1 

2.5 

April.  1899  . 

23,045 

5.2 

5.9 

May,  1899 . 

9,752 

2. 2 

2.5 

Means  and  total . 

10,070 

2. 2 

15.2 

GAUGING  STATION  NO.  24. 


[Run-off  of  Black  River  at  Huntingtonville  Dam.  Catchment  area,  1,889  square  miles.] 


Replenishing  period. 

September,  1898 . . 

1,744 

0.9 

1.0 

October,  1898 . . . 

3,607 

1.9 

2.2 

November,  1898  . . . 

4,510 

2.4 

2.7 

Means  and  total . 

3,400 

1.7 

5.9 

Storage  period. 

December,  1898  . . 

2,752 

1.5 

1.7 

J anuary .  1899  . . .  . . 

4.704 

2.5 

2.9 

February.  1899 . 

2,381 

1.3 

1.3 

March,  1899  . 

5.112 

2.7 

3.1 

April,  1899 . . . 

May,  1899 . . . . . . . 

14,172 

7.5 

8.4 

5, 840 

3.1 

3.6 

Means  and  total . . . . . 

5, 903 

3.1 

20.9 

[Run-off  of  Genesee  River  at  the  Johuston  and  Seymour  Dam,  Rochester.  Catchment  area, 

2,305  square  miles.] 


Replenishing  period. 

September,  1898 .  . 

615 

0.3 

0.3 

October,  1898 . . . 

1,180 

.5 

.  6 

November,  1898 . 

2,295 

1.0 

i.i 

Means  and  total . 

1,361 

2.0 

Storage  period. 

December,  1898  . . 

2,440 

1.0 

1.2 

January,  1899  . 

3, 660 

1.5 

1.7 

February,  1899  . . . 

1,650 

.7 

.7 

March,  1899  __ . . 

3, 400 

1.4 

1.7 

April,  1899 . 

3, 080 

1.3 

1.4 

May,  1899 . . . . 

1, 200 

.5 

.6 

Means  and  total . . . 

2,613 

1.1 

7.4 
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Tin*  foregoing  gaugings,  .although  covering  a  short  period,  have  still 
been  of  considerable  value  in  helping  to  assign  streams  drawn  upon 
for  water  supply  to  their  proper  category.  The  run-offs  of  the  storage 
period,  December  to  May,  inclusive,  are  complete  for  all  the  stations 
and  by  comparison  with  Hudson  and  Genesee  rivers  for  the  cotempo- 
raneous  period  show  at  once  the  approximate  place  of  these  streams 
as  regards  water  yield. 

ON  METHODS  OK  COMPUTING  FLOW  OVER  DAMS  AT  THE  SEVERAL 

GAUGING  STATIONS. 

On  a  preceding  page  it  has  l>cen  (minted  out  that  the  computation 
of  flow  over  dams  whose  profiles  depart  materiallv  from  the  form  of 
a  standard  weir  has  been,  for  lack  of  data,  in  a  very  unsatisfactory 
state.  This  fact  was  very  strongly  impressed  upon  the  author  in  lHIMi, 
when  he  constructed  a  sharp-crested  weir  on  Genesee  River  and 
obtained  comparative  gaugings  lie  tween  the  weir  and  an  irregular 
crested-timber  dam  a  short  distance  lielow.  Air  account  of  the  Gen 
esee  River  weir  and  the  comparative  results  obtained  maybe  found 
in  the  report  on  Genesis*  River  storage  in  the  Annual  Report  of  the 
State  Kngineer  and  Surveyor  of  New  York  for  LS'.Mj,  pages  7 1 711*. 

In  order  to  show  the  variations  Indween  different  standard  formula* 
in  use  for  computing  tlow  over  dams,  plate  127  has  been  prepares!, 
whereon  are  exhibited  Ra/.in's  and  Francis’s  formula*  for  sharp-created 
weirs,  Francis's  formula  for  dam  on  the  Merrimac  River  at  Lawrence, 
Mass.,  Frizeir*-  formula  for  a  flat -crested  weir,  Mullin's  formula  as 
used  by  the  Fast  Indian  engineers,  and  the  results  of  Fteley  and 
Stearns's  e\|H>riments  as  applied  to  a  flat-crested  weir  2  feet  wide,  as 
well  as  Bazin’s  series.  No.  llf>,  for  a  flat-crested  weir  feet  in 

width.  Plate  127  is  self-explanatory. 

Beginning  in  lsssaml  <*ontinuing  in  the  years  1890,  1891,  1894, 
and  1*98,  H.  Bazin,  inspeetcur-general  des  Pouts  et  Chaussees,  has 
published  in  the  Aunah*s  ties  Pouts  et  Chaussees  the  results  of  an 
extended  series  of  new  cx|M*riments  on  flows  over  weirs  and  dams, 
which  are  in  many  respects  the  most  complete  of  any  thus  far  made. 
The  experiments  of  Messrs.  Fteley  and  Stearns,  as  recorded  in  the 
transactions  of  the  American  Society  of  Civil  Engineers  for  January, 
February,  and  Mart'll,  188;$,  had  indeed  shown  the  material  effect  of 
width  of  crest  on  discharge  over  weirs,  but  it  was  reserved  for  Bazin 
to  elucidate  the  whole  question  in  a  masterly  series  of  experiments, 
which  are,  as  regards  detail  and  minute  research,  unparalleled. 

The  experiments  on  flows  over  dams  of  irregular  profile  are  given 
in  tin*  second  number  of  Annales  ties  Pouts  et  Chaussees  for  1898, 
which  came  to  hand  in  September,  just  when  the  arrangements  for 
gaugings,  as  described  in  the  preceding  chapter,  were  in  progress.  It 
was  at  once  recognized  that  Bazin's  work  was  in  many  respects  revo¬ 
lutionary,  and  reasoning  on  the  line  adopted  for  the  present  work  of 
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utilizing  all  available  data,  on  consultation  with  your  Board  it  was 
determined  to  apply  his  work  to  the  several  gauging  stations. 

Before  proceeding  to  describe  the  specific  application  made  we  may 
refer  briefly  to  the  earlier  papers  of  1888,  etc.,  in  which  Bazin  has 
described  his  experiments  on  standard  weirs. 

In  the  beginning  of  his  first  paper  Bazin  remarks  that  the  theory 
of  the  weir  is  the  least  advanced  of  all  branches  of  hydraulics.  The 
coefficients  employed  in  practice  vary  between  such  wide  limits  that 
in  most  cases  we  are  unable  to  make  a  rational  selection  from  the 
many  numerical  values  assigned  to  them. 

The  problem,  he  says,  is  in  fact  a  complicated  one,  being  connected 
on  the  one  hand  with  the  theory  of  flow  through  orifices  and  on  the 
other  with  that  of  open  channels.  The  value  of  the  coefficients  in 
each  case  is  influenced  by  many  elements.  Thus  we  ought  to 
consider: 

1.  The  velocity  of  approach — that  is,  the  velocity  with  which  the 
upstream  water  reaches  the  weir — the  effect  of  which  can  not  be  neg¬ 
lected  in  weirs  of  small  height. 

2.  The  contraction  of  the  vertical  section  of  the  stream  at  the  weir, 
the  amount  depending  upon  the  height  of  the  weir  and  upon  the  form 
of  the  crest. 

3.  The  lateral  contraction,  which,  though  unimportant  in  weirs  of 
great  length,  seriously  modifies  the  results  in  shorter  weirs. 

As  a  further  condition  Bazin  points  out  that  when  the  downstream 
channel  has  a  width  equal  to  the  length  of  the  weir,  so  that  the  over¬ 
flowing  sheet  of  water  or  nappe  touches  at  the  sides,  thus  preventing 
free  admission  of  water  under  the  nappe,  there  occur  special  phe¬ 
nomena  greatly  affecting  the  flow. 

Bazin’s  earlier  papers  are  specially  devoted  to  a  detailed  investiga¬ 
tion  of  these  several  points.  Space  will  not  be  taken  here  to  describe 
his  experiments  in  detail.  The  original  data  may  be  found  in  the 
Annales  des  Fonts  et  Chaussees  for  the  years  already  cited.  A  trans¬ 
lation  of  the  earlier  numbers  has  also  been  made  by  Messrs.  Arthur 
Marichal  and  John  C.  Trautwine,  jr.,  members  of  the  Engineers’  Club, 
of  Philadelphia,  and  which  may  be  found  in  the  proceedings  of  that 
club  for  January,  1890,  July,  1892,  October,  1892,  and  April,  1893. 

Bazin’s  method  of  experimentation  may,  however,  be  briefly  referred 
to.  A  standard  weir  was  set  up  at  the  head  of  a  long  chamber,  in 
which  the  actual  volume  passing  over  was  measured  a  sufficient  num¬ 
ber  of  times  to  give  averages  which  Bazin  considers  are  accurate  to 
within  probably  less  than  1  per  cent.  Having  established  in  this  way 
the  values  of  the  coefficients  for  a  standard  weir,  with  heads  varying 
from  about  0.104  foot  to  1.969  feet,  the  experiments  on  weirs  of  irreg¬ 
ular  profiles  were  made  by  placing  each  experimental  weir  below  the 
standard  weir  and  observing  the  heads  synchronously  on  each.  In 
these  experiments  a  steady  current  was  established  in  the  channel 
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and  observations  made*  of  the  known  volume  passing  over  llu*  stand¬ 
ard  weir,  and  which  volume  also  passed  over  the  weir  under  investi¬ 
gation  lower  down.  If  we  let  II  and  //  denote,  respectively,  the  head 
upon  the  standard  weir  and  that  upon  the  lower  weir,  L  and  /  their 
corresponding  lengths,  and  M  and  m  the coefficients «»f  discharge,  and 
then,  adopting  provisionally  formula  (1)  for  the  standard  weir, 

Q-MLII^II . (1) 

and  similarly  for  the  lower  weir. 


Q  =  in  lhs/'2yh . (o) 

Equating  these  two  values  of  (J  we  have 

M  Id  I  \/\  I  \/i ’,1/  =  mlh\ / h\ / 2f/,  or 

MLII  *=;////<  ^ 

from  which  we  deduce  the  value  of  m: 


m-M0x")} 

and  conversely 

M  =  "‘(  i.  )x(  n  )' 


As  already  stated,  Kazan's  preliminary  gauging  ojs-rations  gave, 
om-e  for  all,  the  coefficient  M  for  the  stamhml  weir  for  eacli  value 

of  II.  I  he  ratio  ^ ,  which  is  very  nearly  unity,  remains  constant  for 


all  the  exi*erimeuts  of  any  one  series;  and  we  have,  then* fore,  only  to 
measure  the  heads  II  and  h  in  order  to  obtain  the  coefficient  m. 
Etc  ley  and  Stearns  experimented  somewhat  on  the  influence  of  the 
height  ot  t  he  w eir  upon  t lie  flow ,  and  probably  as  interest inga  point  as 
any  brought  out  by  Kazan's  extended  experiments  is  the  considerable 
influence  of  this  element  upon  the  flow.  After  presenting  the  details 
of  experiments  on  weirs  of  various  heights  and  for  various  heads 
between  the  limits  stated,  Kazan  gives  a  table  of  values  of  the  <-<*effi- 
cient  m  for  weirs  ranging  from  a  height  of  O.tlSti  f«M>t  to  d.56  feet. 

(  (du  m  ii  (11)  of  this  table,  as  reproduced  below ,  gives  the  limiting  value 
°f  "b  which  equals  the  coefficient  h  (represented  by  //)  of  Kazan's 
formula,  and  which  represents  the  value  of  m  fora  weir  of  infinite 
height,  or  of  such  a  height  that  the  height  of  the  weir  above  the  bottom 
of  the  channel  has  no  furtlie**  effect  upon  the  flow.  As  will  Ik*  seen 
by  examining  this  table,  the  influence  is  only  slight  beyond  ti./id  feet. 

I  he  formula  fora  sharp-crested  weir  without  end  contractions  as 
ordinarily  used  in  the  Ended  States  is  that  of  Francis _ 


(,>  =  (711- 

ln  this  formula  it  is  necessary  to  take  into  account  the  velocity  of 
approach.  We  may  consider  h  as  without  corrections  while  in  II  all 
corrections  are  made. 
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Values  of  the  coefficient  m  in  the  formula  Q  =  ml  h  s/:J  gh ,  for  a  sharp-crested  weir 
without  lateral  contraction,  the  air  being  admitted  freely  beneath  the  overflowing 
sheet  or  nappe. 


Head 
equals  h 
in  feet. 

Values  of  the  coefficient  w,  corresponding  to  the  height,  p, 
weir  above  the  bottom  of  the  channel. 

of  the 

Limit¬ 
ing 
value 
of  m 
equals 
coeffi¬ 
cient  n, 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(H) 

V  alue  of 
p.in 
feet. 

0.656 

0.984 

1.312 

1.640 

1.968 

2.624 

3.280 

4.920 

6. 560 

X> 

0.104 

0.458 

0.453 

0. 451 

0.450 

0. 449 

0.449 

0. 449 

0.448 

0.448 

0. 4481 

0. 197 

0. 456 

0. 450 

0.447 

0. 445 

0. 445 

0.444 

0. 443 

0.441 

0. 443 

0.4427 

0.  230 

0. 455 

0. 448 

0.445 

0.  441 

0.443 

0.441 

0.  440 

0.440 

0. 439 

0. 4391 

0.362 

0.  456 

0.447 

0.  443 

0. 441 

0.440 

0.438 

0. 438 

0.  457 

0. 437 

0. 45563 

0.295 

0. 457 

0.447 

0.442 

0. 440 

0.438 

0. 456 

0. 436 

0.435 

0. 434 

0.4340 

Means . 

0. 456 

0. 449 

0. 446 

0. 444 

0.441 

0. 442 

0. 441 

0. 441 

0. 440 

0.4400 

0.328 

(1459 

0. 447 

0.442 

0. 419 

0.437 

0.435 

0.434 

0.413 

0. 4322 

0. 394 

0. 462 

0. 448 

0.442 

0. 458 

0. 416 

0. 413 

0. 412 

0. 430 

0. 4;50 

0. 4291 

0. 459 

0. 466 

0. 450 

0.443 

0.438 

0.435 

0.412 

0.410 

0.428 

0.428 

0. 4267 

0.525 

0. 471 

0. 453 

0. 444 

0.  438 

0. 435 

0.411 

0. 429 

0. 427 

0.426 

0.  1246 

0.591 

0. 475 

0.456 

0. 445 

0. 439 

0. 415 

0. 431 

0.428 

0.426 

0.  425 

0.4229 

Means  - 

0. 467 

0.451 

0.443 

0. 438 

0.436 

0.452 

0. 431 

0. 429 

0. 428 

0. 4271 

0. 656 

0. 480 

0.459 

0. 447 

0.440 

0.416 

0.431 

0.428 

0. 425 

0.  423 

0. 4215 

0.  722 

0. 484 

0.462 

0.449 

0.442 

0.437 

0. 451 

0.428 

0.424 

0. 423 

0.  4203 

0. 787 

0. 488 

0.  465 

0.452 

0.444 

0.438 

0.452 

0. 428 

0. 424 

0.423 

0.  4194 

0.853 

0. 492 

0.  468 

0. 455 

0. 446 

0. 440 

0. 453 

0.429 

0  424 

0.422 

0. 4187 

0. 919 

0.  496 

0.472 

0. 457 

0. 448 

0.441 

0.  453 

0. 429 

0. 424 

0. 422 

0.4181 

Means . 

0.488 

0.465 

0. 452 

0. 444 

0.418 

0.  432 

0.428 

0.424 

0. 423 

0. 4196 

0.984 

0. 500 

0. 475 

0.460 

0.450 

0.441 

0. 414 

0. 450 

0.424 

0. 421 

~0.~4147~ 

1. 050 

0.500 

0. 478 

0. 462 

0.  453 

0. 444 

0.  45(5 

0.4KI 

0.424 

0.  421 

0.4168 

1.116 

0.500 

0.481 

0.  461 

0.454 

0.446 

0.457 

0.  431 

0.424 

0.421 

0.4162 

1.181 

0.500 

0.483 

0.  467 

0.456 

0. 448 

0. 418 

0. 432 

0.424 

0.421 

0.4156 

1.247 

0.500 

0. 486 

0.469 

0. 458 

0. 449 

0. 459 

0.412 

0. 424 

0.  421 

0. 4150 

Means. 

0.500 

0. 481 

0. 464 

0.454 

0. 446 

0. 417 

0.431 

0.424 

0. 421 

0. 4162 

1.312 

0.500 

0.489 

0. 473 

0.  459 

0. 451 

0. 440 

0.433 

0. 424 

0.421 

0. 4144 

1.378 

0. 500 

0.  491 

0. 474 

0. 461 

0.452 

0.441 

0. 454 

0. 425 

0.  421 

0.4139 

1.444 

0.500 

0.494 

0. 476 

0.  463 

0. 454 

0. 442 

0.  415 

0. 425 

0.421 

0.4134 

1.509 

0.500 

0. 496 

0. 478 

0. 465 

0.  456 

0.  445 

0.  455 

0.425 

0.  421 

0.4128 

1. 575 

0. 500 

0. 496 

0.480 

0.  467 

0. 457 

0.444 

0.416 

0.425 

0.421 

0. 4122 

Means. 

0. 500 

0.493 

0. 476 

0.463 

0. 454 

0. 442 

0. 435 

0.425 

0. 421 

0. 4133 

1.640 

0. 500 

0. 496 

0.  483 

0.  468 

0.  459 

0.445 

0.437 

0. 426 

0. 421 

0.4118 

1 .  706 

0.500 

0.496 

0.483 

0. 470 

0. 460 

0.446 

0. 458 

0.  426 

0.42J 

0.4113 

1.772 

0.500 

0.  496 

0.  485 

0.  473 

0. 461 

0.447 

0. 438 

0. 426 

0. 421 

0.4107 

1.837 

0.500 

0.  496 

0. 487 

0. 473 

0. 463 

(I.  448 

0. 459 

0.  427 

0.  431 

0.  4101 

1.903 

0.500 

0. 496 

0. 489 

0.  475 

0. 464 

0.449 

0. 440 

0. 427 

0.421 

0. 4096 

1.969 

0. 500 

0.496 

0. 490 

0. 476 

0.  466 

0.451 

0. 441 

0. 427 

0.  421 

0. 4092 

Means. 

0. 500 

0. 496 

0. 486 

0. 472 

0.462 

0. 448 

0. 456 

0. 427 

0. 421 

0. 4104 

In  regard  to  the  accuracy  of  the  coefficients  as  given  by  the  preced¬ 
ing  tabulation  Bazin  remarks  that  except  in  the  unusual  case  of  a 
very  low  weir,  which  should  always  be  avoided,  the  preceding  table 
will  give  the  coefficient  rri  within  1  per  cent;  provided,  however,  t  hat 
the  arrangements  of  Ids  standard  weir  be  exactly  reproduced.  It  is 
also  pointed  out  as  especially  important  that  t he  admission  of  air 
behind  the  falling  sheet  be  perfectly  assured,  as  otherwise  in  may 
vary  within  much  wider  limits. 

The  following  tables  give  in  English  measures  the  results  of  Bazin’s 
II.  Doc.  149 - 39 
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experiments  on  weirs  of  irregular  profiles  from  series  No.  11R  to  No. 
1HR,  inclusive,  except  that  a  few  of  tin*  series  have  been  omitted  from 
t hese  tables: 


Special  Experiments  on  Weirs  with  Wide  Crests.1 
bazin  s  series  no.  m. 


NuihIht  of  experiment. 

h  depth 
on  c  resit, 
in  (Ml 

III  mm  mcftl* 

dent  of 

discharge. 

Nnmlwr  of  experiment. 

h  a  doptll 
on  crest, 
in  feet. 

m  mm  coeffi¬ 
cient  of 
discharge 

1 . 

o.  as 

n  :UM 

11 . 

o.  ran 

0  3.V47 

tl 

0.  ->V 

(i  ;M|3 

12 . 

II  089 

II  llftHCl 

.1  . 

0.  :«t 

o.sur 

i:i  .... 

i.oar. 

n  :wgH 

4  . 

0.  4M 

n  :«e 

U . 

1  iCli 

0  :k*to 

ft  . 

O&lM 

ii  :B2I 

13  . 

1.114 

0  :fc>82 

it  ....  . 

o.  ms 

O.itus 

Ill 

1  1.V.I 

(i  :i::i4 
(i  3758 

«.  on: 

li  STh 

ir . . 

i.  n*: 

8  . 

o  nut 

n  .44*7 

18 . 

1  252 

0.  :i*c*l 
0.  :W77 

V  . . 

0  so', 

n  :w*ts 

10 . 

i.a» 

10 . 

«. 

0  ;uih 

BAZIN'S  SERIES  No.  114. 


Number  of  experiment. 

h  ■  depth 

III  *.  ClM-ttl  • 

h  =■  depth 

III  mm  COeffl- 

on  crest, 
in  feet. 

dent  of 
discharge 

Nuntlier  of  ex|>eriment. 

on  crest, 
in  feet. 

dent  of 
discharge. 

1 . 

li  as 

o.  aura 

1(1  . 

(1.882 

11.038 

1.IJB4 

1. 112 

1  171 
1.24:: 

1  an 
l.m 

0.:cmi 
o.:«l6 
o.  rttftt 

o.  :«3l 
0.  :ts»il 
(1 

0  :M*i: 
0.  :1440 

0 

1.1,  280 

ii  :iin: 

11  . 

ii . 

ii  .332 

ii  :tiai 

12 

4 . 

li  4iCI 

li  C.'4'i 

1.1 

5 . 

ii  sir 

ii  :c2:ci 

14  . 

« . . 

n  :>> 

n  3241 

13 

m 

n  ns: 

n  :c*:o 

in 

8 . 

ii  ;•>:> 

ii  *J**7,# 

it 

0... 

II  8*0 

ii  tcsi 

1  For  a  considerable  extension  of  these  data  Trans.  Am.  Soc.  C.  K  ,  patter  No.  hh4,  on  the 
Flow  of  Water  Over  Daws.  Vol.  XL1V,  Dnvmlier,  10UU. 
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Special  Experiments  on  Weirs  with  Wide  Crests— Continued. 

BAZIN’S  SERIES  NO.  115. 


Number  of  experiment. 

h  =  depth 
on  crest, 
in  feet. 

m  =  coeffi¬ 
cient  of 
discharge. 

1  . 

0. 196 

0. 2747 

2 . 

0.264 

0.3004 

3 . 

0. 342 

0. 3047 

4.. . 

0. 415 

0.3123 

5 . 

0.495 

0. 3119 

6 . . 

0. 566 

0. 3184 

7 . 

0.638 

0.3173 

8  . 

0.  716 

0. 3194 

9  .  . . 

0. 792 

0. 3243 

10  . 

0.871 

0.3245 

Number  of  experiment. 

h =  depth 
on  crest, 
in  feet. 

rn  =  coeffi¬ 
cient  of 
discharge. 

11 . 

0.948 

0.3245 

12  . . . . 

1.023 

0. 3250 

13 . . 

1.097 

0.3281 

14 . 

1.178 

0. 3294 

15 . . . 

1  260 

0. 3: 103 

16 . . 

1.330 

0. 3343 

17  . . . 

1.388 

0. 3348 

18 . . 

1.424 

0. 3365 

19 . 

1.467 

0.3362 

BAZIN’S  SERIES  NO.  116. 


Number  of  experiment. 

h  =  depth 
on  crest, 
in  feet. 

m  =  coeffi¬ 
cient  of 
discharge. 

Number  of  experiment. 

h  =  depth 
on  crest, 
in  feet. 

in  =  coeffi¬ 
cient  of 
discharge. 

1 

0. 177 
0. 225 
0. 296 
0. 367 
0.435 
0.504 
0.537 
0.639 
0. 713 

0. 3372 

0. 3526 
0.3607 

0. 3637 
0.3679 
0.3707 

0. 3731 

0. 3753 
0.3734 

10 . . . 

0. 781 
0.849 
0.917 
0. 986 
1.053 
1.120 
1. 185 
1.251 
1.317 

0. 3742 
0. 3764 
0. 3765 
0.3797 
0. 3813 
0.3841 
0.3859 
'  0. 3863 

0. 3888 

9 

11 . 

3 

12 . 

4 

13 . . . 

14 . . . 

6 

15 . 

16 . . 

8 

17 . . 

9 

18 . 

612 
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Special  Experiments  on  Weirs  with  Wide  Chests — Continned. 

BAZIN'S  SERIES  NO.  117. 


Rad.  0.33  . 

L _ -  b.ZS  _  _  . 

1 

— 

~r 

t 

t 

1 

v0 

a* 

. 

* 

i 

'A 

1 

Number  of  experiment. 

A  depth 
on  rreat, 
in  feel 

m  —  roe  111  - 
dent  of 
diaeharge 

Nu 

1 . 

0. 158 

0. 3741 

Hi 

•  » 

0.3D4 

II  :t>; 

11 

0.  280 

o  ;oiT 

12 

4 . .  .  . 

<i  381 

(i  :txi 

It 

5 . 

0.  42B 

n.;c«« 

14 

0  404 

it  m:c 

15 

o.  502 

n.  met 

in 

8 . 

o  m& 

ll  3531 

17 

II . 

0.  7‘* 

0.3583 

|8 

N uiuIxt  of  experiment 


A  depth 

in  —  ooeffi- 

on  rrent. 

rient  of 

in  feet. 

diwharxo. 

0.771 

n  :i>io4 

(I  KM 

n  :»120 

ii  012 

0  »H« 

li  (MO 

0.3H71 

1  "K4 

0  :whii 

1  120 

0  llliTH 

1  107 

n  ;dil 

1  917 

0.3712 

l.m 

o.  37:11 

First  Group. — Fact  of  tin  weir,  on  tin  lUnniixt  nam  shir,  c*  rtical  or  m  arly  vertical. 

BAZIN'S  SERIES  NO.  135. 


Number  of  experiment. 


A  —  depth 
on  crent. 
In  feet 


i1  .  o  as 

i  .  it  an 

3  .  o  cm 

4  .  <l  403 

5  .  0.538 

a .  o  vbi 

7  .  II  lEEi 

8  . 1  o.aoi 

»  .  II.  758 

10 .  <l.8|8 


uNkjipu  d«pn»i«il. 


IN  ■  iiefli 

A  depth 

in  roeth- 

cient  of 
ditta'hnrire 

NuiiiUt  of  ex]ieriment 

on  creat, 
in  feet. 

rient  of 
diachari;e. 

mi  4. Mil 

11 . 

0,878 

0.  5047 

II  4  k«l 

11.  MO 

II  48011 

II  4*K'4 

1:1  . 

1  III! 

0  400B 

0. 4715 

14 . . 

1  <C7 

ll.  4054 

II  407>* 

15  . 

1  140 

0.4005 

/.11  525k 

hi  . 

1.  1WI 

ll  4010 

11  5178 

17 . . 

1  9W1 

0.  4  802 

u.5187 

18  . 

1  •L's 

II  488-t 

0.  5|iii 

10  . 

1.305 

II  48«;i 

0. 50S2 

6  Nappe  wetted  underneath. 
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First  Group. — Face  of  the  weir,  on  the  downstream  side,  vertical  or  nearly 

vertical — Continued. 

BAZIN’S  SERIES  NO.  126. 


Number  of  experiment. 


h =  depth 
on  crest, 
in  feet. 

m  =  coeffi¬ 
cient  of 
discharge. 

Number  of  experiment. 

h = depth 
on  crest, 
in  feet. 

m  =  coeffi¬ 
cient  of 
discharge. 

0. 295 

a  0. 5015 

11 . . 

0. 860 

0.5234 

o.  360 

0. 5028 

12 . . 

0. 920 

0. 5233 

0. 413 

0. 5024 

13 . 

0.981 

0.5203 

0. 487 

0. 5138 

14  . . . 

1.040 

0. 5228 

0.520 

0. 5205 

15  . . . . 

1.105 

0. 5175 

0. 567 

60.5332 

16 . . . 

1.164 

0. 5197 

0.627 

0. 5256 

17 . 

1 

0. 5170 

0.684 

0. 5238 

18 . . 

1.284 

0. 5187 

0.  740 
0.804 

0. 5251 
0.5244 

19 . 

1.351 

0. 5142 

a  Nappe  depressed. 


6  Nappe  wetted  underneath. 


BAZIN’S  SERIES  NO.  127.  a 


Number  of  experiment. 

h = depth 
on  crest, 
in  feet. 

m  =  coeffi¬ 
cient  of 
discharge. 

Number  of  experiment. 

h = depth 
on  crest, 
in  feet. 

m  =  coeffi¬ 
cient  of 
discharge. 

1  . 

0.324 

60.4326 

11 . 

0. 896 

0.4895 

2 

0.389 

0. 43s  4 

12 . 

0.961 

0.  4885 

3  . 

0. 44!) 

0.4419 

13 . 

1.033 

0.4812 

4 

0. 509 

0.4454 

14 . 

1.093 

0.4823 

5 . 

0. 561 

0.4606 

15 . 

1. 166 

0. 4720 

6  . 

0.608 

0. 4728 

16 . 

1.228 

0. 4746 

7 

0.653 

0. 4933 

17 . . . 

1.292 

0.4729 

8  . 

0. 697 

c  0.5072 

18 . 

1.360 

0. 4726 

9 

0. 764 

0. 4989 

19 . 

1.424 

0. 4715 

10... .  . . 

0.831 

0. 4935 

a  See  Bazin’s  observations  relative  to  the  behavior  of  the  nappe  for  series  N  os.  127  and  128. 
b  Nappe  depressed. 
rNappe  wetted  underneath. 
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Fikst  Group.  —  Face  of  the  weir,  on  the  dawitstnam  side,  vertical  or  nearly 

vertical — Continued. 

BAZIN'S  SERIES  No.  12*.  o 


N umlier  of  exj>eriinont 

A —  depth 

.,n  oren« 

in  feet. 

rn  »  <•<  M’ftl- 
cient  of 
diaohurge 

Nnmlierof  experiment. 

h  —  depth 
on  oront, 
in  feet. 

m  —  coeffi¬ 
cient  of 
diachartfe. 

1  . 

n  24*5 

*0.  finis 

12 . 

0.000 

cO  4W0 

2 

n  :wi 

n  mm 

13 

II.  1C, 

0.414AA 

0  4u7 

0  .Mid 

14 

0.  mi; 

II  4*40 

4 

n  i«. 4 

II.  A107 

IA  . 

l.iet 

0.  4AM 

n  :,2»i 

0.  .VMH 

in 

l.nu; 

II  41*211 

U . 

0.  >n 

0.  MAP 

17 .  i 

1  in*; 

II.  47ii*> 

ii  u^ii 

ll  .MSI 

in . . 

1.330 

(1  47.V* 

H.  . 

n  nit; 

ii  Aim 

lw . 

1. 204 

11.4725 

w  .  .  . 

n  r:r 

II  AlAil 

l  :nm 

ll.  4731 

in  . 

(».  Nft 

II  A17H 

21  ...  . 

1.430 

0.  4*il*il 

11  . 

II  K4.I 

II.  AIJS) 

a  S*-e  Bazin  o  nWrvntinnii  r«Utlvi<  to  tbe  lichnvior  « »f  t Ii«*  nappe  for  wri*-**  Not*.  ItTT  and  12*. 
h  Nappe  adhering. 
c  Nappe  wi'IUxl  underneath 


BAZIN'S  SERIES  No  124*. 


X  '  H 


Ii  depth 

III  ,  wffl. 

h  * ,  depth 

Ill  ™  CO*‘ffi- 

Number  of  ■•x|M*ritueiit 

on  ereat. 

ci.iii 

N  umlier  of  experiment. 

onereet. 

cient  of  - 

in  feet 

iliifhirip). 

in  feet. 

discharge. 

1 . 

0. 343 

n  0  4*t>4 

11 . 

ll.  hk5 

0.ATB9 

t» 

n  :R**.i 

ll  422-*> 

12 . . 

(1.043 

0.AM7U 

0  4M 

II.  4343 

n . 

0.  OUT, 

o.  Aim 

4  . 

n  All 

ll  4 I.Wt 

ii  . 

1  i*47 

ii.  MAA 

M  vwv 

1  PC? 

tl  . 

11.1112 

Ml  4732 

in . 

1. 183 

(I.AI74 

ll  DMA 

n  477* 

17 . 

1.212 

0.5238 

H . 

ll  7211 

ll  4*m 

IK . 

1.388 

o.  A2i« 

M . 

ll.  774 

li  4UA2 

10 . 

1.32? 

O.A278 

10 . 

II.  K30 

ll  4 I*K2 

_ _ J 

<i  Nappe  depreosed 

b  Nupja*  wetted  underneath  and  attached  to  flat  i-re*t. 
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First  Group. — Face  of  the  weir,  on  the  downstream  side,  vertical  or  nearly 

vertical — Continued. 

BAZIN'S  SERIES  NO.  130. 


Number  of  experiment. 

h  —  depth 
on  crest, 
in  feet. 

m  =  coeffi- ! 

cient  of  < 
discharge. 

Number  of  experiment. 

h =  depth 
on  crest, 
in  feet. 

m  =  coeffi¬ 
cient  of 
discharge. 

1 . 

0. 274 

a  0.4037  ! 

12  . . . 

0. 898 

0.4893 

9 

0.336 

0. 4138 

13 . 

0.  956 

0. 4949 

3 . 

0.396 

0. 4213 

14  . . . 

1.011 

0. 4970 

I . 

0. 452 

0.  4:S39 

15  . 

1.069 

0. 4988 

5 . . 

0.510 

0.  4458 

16 . 

1. 123 

0.5011 

6 . . . 

0. 565 

0. 4546 

17 . 

1.187 

0. 5031 

0. 618 

18  . . 

1.240 

0. 5051 

8.. . 

0.672 

0. 4694 

19 . . 

1.299 

0.5074 

9 . 

0.728 

0. 4769 

20 

1.342 

0.5105 

10 . 

0.  785 

0.4801 

21 . . . 

1.406 

0.5134 

11 . . . 

0. 837 

0. 4882 

a  Nappe  depressed  or  adhering,  but  unstable. 
b  Nappe  wetted  underneath  and  attached  to  flat  crest. 


BAZIN'S  SERIES  NO.  131. 


I 


Number  of  experiment. 

(1) 

h  =  depth 
on  crest, 
in  feet. 

(2) 

m  =  coeffi  - 
cient  of 
discharge. 

(3) 

Numlier  of  experiment. 

(1) 

6=  depth 
on  crest, 
in  feet. 

(2) 

m  =  coeffi¬ 
cient  of 
discharge. 

(3) 

1 

0. 347 

a 0.3889 

12 . . . 

0.  889 

0. 4997 

2 

o.  336 

6  0.4140 

13 . 

0. 943 

0.5048 

3 

0. 395 

0.4296 

14 . 

0.998 

0. 5090 

4 

0.  450 

0. 4326 

15  . . - . 

1.046 

0. 5128 

5 

0. 504 

0. 4443 

16 . . . 

1 . 098 

0.5172 

(i 

0.564 

0.  4611 

17 . 

1. 161 

0. 5167 

0. 610 

0. 4755 

18  . . . . 

1.213 

0. 5226 

8 

0. 4770 

19 . 

1.264 

0.  5249 

9 

0.720 

0. 4882 

20 . . . 

1.333 

0.5242 

10 

0.  773 

cO.  4937 

21 . 

1.394 

0. 5234 

n . 

0. 835 

0. 4948 

a  Nappe  depressed. 
b  Adhering  nappe. 

c  Nappe  wetted  underneath  and  attached  to  flat  crest. 
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First  GrOI'P. — Face  of  the  ir<  ir,  on  the  ilotrvst  ream  niilc,  vertical  or  nearly 

vertical — Continued. 

BAZIN  S  SERIES  NO.  i:tl. 


h  —  depth 

in  coeltl- 

h  depth 

iii  —  roeffl* 

Nil  ml  XT  of  eX)KTlnient 

on  ereet. 

rlellt  of 

Nllllll»T  o'  e\|ierl»lient. 

on  rreat. 

elent  of 

In  feet 

dlucharge. 

tn  feet. 

discharge. 

(1) 

>2) 

<3 1 

(1) 

(1) 

(3> 

1 . 

0. 337 

oft  412K 

11 . 

1).  >04 

O.MOH 

o 

o  :E«i 

II  42‘d 

12 . . 

ii  02i, 

II  51  Ml) 

;i . 

0  453 

0.  4.144 

13 . 

0  074 

0  .VJC 

4 . 

0.  3l»* 

0  4 4  IK 

14 . 

1.IM7 

Ml.  5130 

5 . 

0  5H3 

II  |AI« 

15  .  . 

1  non 

0  5174 

«. . 

0  H|V 

II  4*013 

Ill . 

1  1H5 

II  5177 

n  tkwi 

n  »7HH 

IT . 

1212 

Ii  5225 

H . 

0.710 

it  4*7*i 

Is  . 

1.271 

0  5S1S 

it . 

0.  770 

ft  4021 

10 . 

1  :o 

o  saao 

10 . 

0  s2H 

ii . v  m  i 

n  Napi**  idbi'rlDK 

fc  Nii|>|m*  wi'ttwl  underneath  ntiil  Rttwhixl  t<>  Out  rrimi 


BAZIN'S  SERIES  NO.  Itt 


Numlx-r  of  experiment 

(1) 

/l  —  depth 
on  creat, 
in  feet. 
(2) 

in  —  .-oeffl 

I  cient  of 
discharge 

i3; 

Numlierof  experiment. 

(1) 

h  depth 
on  crest, 

ill  feet. 
12) 

m  —  coetM- 
dent  of 
discharge. 
(3) 

1 . 

ft  340 

a  0 

.3*4*1 

13 . 

ii  h7ii 

r0. 5122 

y 

<1  44* 

0 

4  '> 

13 

0  \Cs 

n  ft  151 

3 . 

II  4411 

Ml. 

4127 

14 . 

0  07s 

n  53* 

4 . 

0  45H 

0 

’  5 . 

1  ltd 

11  ^4 

6 . 

0  .'Ml 

0 

4445 

Id .  . 

i.lMt 

Ii  534; 

ii . . 

0  505 

o. 

454*1 

17 . 

i.2l)ft 

do  4*H4> 

(i  HID 

0. 

4*0*2 

is  . 

1  2K3 

U  47*14 

H . 

0.  *"s  si 

0. 

4775 

10  . 

1  27  ii 

(4  4.H-4*3 

0 . 

0.  707 

0 

41* "" 

20 

1  :Uii 

. 

10 .  . 

0  7*17 

0. 

4i»;i» 

21 . 

1.415 

0. 47(tt 

11  . 

0  alii 

0. 

.'■1170 

<i  Nappe  dinirwwod. 
b  Nap|>e  adhering. 

r  Nappe  wetted  underneath  and  attached  t<>  Hat  crest 
d  N«|i|M  wotted  underneath,  hut  detached  from  flat  crest. 


DEEP  WATERWAYS 
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First  Group. — Face  of  the  weir,  on  the  downstream  side,  vertical  or  nearly 

vertical — Continued. 

BAZIN'S  SERIES  NO.  134. 


/—  0.33 
l  f  i 


Number  of  experiment. 

(1) 

h  =  depth 
on  crest, 
in  feet. 

(2) 

m  =  coeffi¬ 
cient  of 
discharge. 
(3) 

Number  of  experiment. 

(1) 

h = depth 
on  crest, 
in  feet. 
(2) 

m  =  coeffi¬ 
cient  of 
discharge. 

(3) 

1 . 

0. 350 

a  0. 3880 

11 _ _ 

0.866 

0. 5186 

2 

0. 405 

0. 4090 

12 . . . . 

0. 909 

0. 5280 

3 . . . . 

0. 458 

0.  4328 

13 . . . 

0.964 

0. 5334 

4 . . . 

0. 513 

0. 4378 

14 . 

1.011 

0. 5380 

5 . 

0. 4515 

15 . . . . . 

1.060 

0.  5427 

6 . . 

0.615 

0. 4633 

16 _ _ 

1.118 

0. 5463 

T . . . 

0. 664 

0. 4751 

17  . .  . 

1 . 253 

50. 4957 

8 . 

0.714 

0. 4867 

18 . .  _ 

1.348 

0.  4804 

9 . . . 

0. 767 

0. 4970 

19 . . . 

1.574 

0. 4764 

10 . . . 

0.815 

0. 5061 

20 

1 . 489 

0. 4712 

a  Nappe  adhering.  h  Nappe  wetted  underneath,  but  detached  from  flat  crest. 


BAZIN’S  SERIES  NO.  135. 


0.66 


Number  of  experiment. 

(1) 

7i=depth 
on  crest, 
in  feet. 

(2) 

m  coeffi¬ 
cient  of 
discharge. 

(3) 

Number  of  experiment. 

(1) 

h  =depth 
on  crest, 
in  feet. 
(2) 

m=eoeffi- 
cient  of 
discharge. 

(3) 

1  . 

0.224 

a  0. 3727 

12 . . . 

0. 892 

0. 4496 

2 

0.292 

0.3839 

13 . . 

0  939 

0. 4575 

3  . 

0. 353 

0. 3912 

14 .  . 

1.011 

0.4614 

4 . 

0. 422 

0.3981 

15 . . . 

1.053 

0.4657 

5 

0. 480 

0. 4071 

16 . 

1.119 

0. 4695 

6 

0. 541 

0.4127 

17 . 

1. 175 

0.  4746 

7  . 

0. 597 

0. 4243 

18 . . . 

1.230 

0. 4757 

8  . 

0.  &57 

b  0.  4264 

19 . 

1.275 

0.4839 

9 

0.712 

0.4347 

20 . 

1.346 

0. 4824 

10  _ 

0. 773 

0.  4894 

21 . 

1.410 

0. 4847 

11 . 

0.829 

0.4439 

a  Nappe  depressed. 


b  Nappe  wetted  underneath. 


DKK1 
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Second  GRorr. — Face  of  (hr  trrir,  mi  t he  njixtmim  xiilr,  ivrticul  or  m  arly  wrtical. 

BAZIN  S  SERIES  NO.  13H. 

- > 


Numlier  of  experiment 

(1) 

h  —  depth  m  cot'lll 

on  croxt,  dent  of  Nuiiil»*r  »I  experiment, 
in  f •  •  t  discharge 

i2i  <3)  (I) 

6  — depth 
on  crest, 
In  feet. 

(2> 

r«  —coeffi¬ 
cient  of 
discharge. 

(3> 

,  . 

0.  1X1  II  4x15  1- . 

O.XIO 
0.  mk7 
ll  1*53 
1.010 
1.IWM 

1  122 

1  170 
1.244 

1  301 
1.301 

ft.  4040 
n  4041 

a  4!oi2 
0. 4960 
0.  4979 
ft. 4975 
a  4!0I7 
(1.  4993 

n.  .von 

0.51*3 

4 

11244  0.4815  13 . 

3  . 

(1.804  II  4Xti  U . 

4  . 

II  :HV4  (1  4m  14  16 . 

5  . 

0.  424  Cl.  4X11  111 

11  . 

II  4H4  II  4M2II  IT  . 

(1  642  ll  4M2  Is  . 

H  . 

(1  507  II  4x54  in . 

9 . 

II  A>  II  4*74  31  ...  . 

Ill . 

II  713  0. 4*xi  21 

11  . 

0.770  0  49m 

BAZIN  S  SERIES  NO.  137. 


Number  of  experiment. 

(1) 

h  —  depth  m— ooeffl-  A— depth 

on  cre*t,  dent  of  Numlier  of  ex]>e(imunt.  1  on  crest, 
in  font  discharge  in  . 

i2)  (3)  (1)  1 3fi  1 

m  “  couffl- 
cient  of 
discharge. 

(3) 

1 . 

0.  2*1H  0  4324  10  . i  II  M22 

II.  4441 
II.  4445 
ft.  4513 
II  44711 
II  4605 
II  44141 
<1  4517 
ll  4520 
0  4543 

o 

0.339  ll.  43111  11  .  .  OUST 

3 . 

II  :i<l  II  4359  12 .  II  940 

4 . 

II  451  II  4;tit  13  ....  ..  1  012 

5 . 

0.613  0.44411  14  .  1  oTji 

ll . 

0.67M  ll.  4377  15  ..  .  .  ....  1  142 

0.087  n  *C7m  in .  l.aoi 

M . . 

(l  7m  0.4434  17  .  1.202 

9 . 

0.7415  (l  4437  1H .  1  322 

DEEP  WATERWAYS.  619 

Second  Group. — Face  of  the  weir ,  on  the  upstream  side,  vertical  or  nearly 

vertical — Continued. 

BAZIN’S  SERIES  NO.  138. 


Number  of  experiment. 

(1) 

h  =  depth 
on  crest, 
in  feet. 
(2) 

m  =  coeffi¬ 
cient  of 
discharge. 
(3) 

1 . 

0.194 

0. 4450 

2 . . 

0.263 

0.4357 

3 . 

0.327 

0.4344 

4  . . 

0.391 

0.4356 

5.. . 

0. 447 

0.  4429 

6 . 

0. 510 

7 . 

0. 571 

0. 4511 

8 . 

0. 4622 

9  . 

0. 685 

0.4565 

10 . 

0.745 

0. 4597 

11 . 

0.807 

0. 4611 

Number  of  experiment. 

(1) 

h = depth 
on  crest, 
in  feet. 

(2) 

m  =  coeffi¬ 
cient  of 
discharge. 

(3) 

12 . . 

0. 873 

0.4637 

13  . . 

0. 927 

0. 4643 

14 . 

0. 9112 

0. 4683 

15 . . . 

1.045 

0. 4743 

16 . . 

1.110 

0. 4707 

17  . . 

1.176 

0. 4716 

kl8 . . 

1.233 

0. 4746 

19  . 

1.289 

0. 4758 

20 . . . 

1.355 

0. 4758 

21 . 

1.427 

0.4778 

BAZIN'S  SERIES  NO.  139. 


*  T 

't 
< 
1 


Number  of  experiment. 

(1) 

h  -  depth 
on  crest, 
in  feet. 

(2) 

rn  =  coeffi¬ 
cient  of 
discharge. 
(3) 

Number  of  experiment. 

(1) 

h = depth 
on  crest, 
in  feet. 
(2) 

m  —  coeffi¬ 
cient  of 
discharge. 
(3) 

1 . 

0. 190 
0.253 
0.312 
0. 375 
0.434 
0.500 
0. 552 
0. 615 
0. 667 
0. 733 
0. 798 

0. 4561 
0.4585 
0.4641 

0. 4570 
0. 4651 

0. 4643 

0. 4706 
0. 4693 

0. 4764 
0.4725 
0.4734 

12 . 

0.852 

0.915 

0.969 

1.023 

1.092 

1.151 

1.210 

1.258 

1.326 

1.394 

0. 4789 
0.4808 
0. 4821 
0. 4883 
0. 4856 
0. 4868 
0.4909 
0. 4927 
0. 4904 
0. 4898 

2 . 

13 . 

3  . 

14 . 

4  .  ..  .. 

15 . 

5  . 

16  . 

6.. . 

17  . . 

7 . 

18 . 

8  ..  . 

19 . 

9  ...  .  .  . 

20 . 

10  . 

21 . 

11- . 

DEKI 


WATERWAYS 
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Second  Gltorr. — Face  of  the  treir.  ou  the  upstream  side ,  vertical  ar 

vertical — Continued. 

BAZIN  S  SERIES  No.  1*0. 


A —depth  «i  — 

Ntiinlier  of  exi>eriment.  on  rrcHt.  ci.-nt  of  Nnmlier  of  experiment. 

in  feet  discharge 

(1)  (S)  «».  (1) 


h  —  depth  m  —  coeftl- 
of  rreat,  cientof 
in  feet,  discharge. 

(3)  (8) 


i . 

o.  ltd 
0.3W 

0  ptiot 
|i  44MS 

a*:::"::;::;;:;;::::::::: 

1, ;»* 

(i  4577 

4 . 

o  371 

0  KC.1i 

ft . 

0  *.  (•  ; 

II  4099 

tl  . 

n  487 

II  4*MM 

0.  MO 

li  *7*7 

8 . 

0  •'«!« 

n  475| 

9  . 

0.  5*44 

n  *7'<1 

10 . 

0.  Tit* 

li  47S6J 

11 . 

0  7* 

li  4*42 

12  . 

ii.  <rr 

0.  4840 

la  . . 

ii.  !*ift 

».  45811 

14 . 

o.  mu 

0.  4*51 

1ft . 

11 ESI 

0  I'.rji 

Ill  . 

I  OHO 

0  4t*lft 

17  . 

i  lPt 

0  I'.k'll 

|8 . 

1.195 

0  titm 

Ill  . 

125* 

0. 4861 

. 

1.315 

II  P.CS 

21  . 

1.875 

O.ftUUU 

BAZIN  S  SKKIKS  NO.  141. 


It  —  depth 

m  —  c*  »•  tit 

h  «■  depth 

III  —  Cl  »•  Itl  - 

Number  of  exjieriinent. 

on  crest . 

cient  of  Niimlierof  exi>eriinent. 

on  .Teat. 

cient  of 

in  feet 

discharge. 

ill  feet. 

discharge. 

(1) 

(3) 

'3>  (1) 

13, 

1 . 

0  214 

li.  .1771  11 . 

0.  855 

ii  :&Kii> 

O 

0  >1 

n  :sft4  12  . 

II  1155 

0  :e*77 

3 .  . 

<i.  .tv. 

ii  ;ku  l.i  . 

1  Itftl 

ii  ;ai78 

4  . .  . 

0. 42ft 

n  37wi  it .  . 

1.  112 

0. 8005 

5  . 

II  4511 

ii  is . 

1.  Ilf. 

0  Bmii 

5  . 

o  .’mi 

n.:tK45  15  . 

1.237 

0.  :bik7 

0  524 

ii  .:»57  17 . 

1  29* 

II  4H15 

H . 

(I  tar.* 

n  :W82  ih 

1  359 

0.  4015 

9  . 

0.  7,V» 

n  :n*n  19  . 

1.481 

II  4047 

10 . 

0  822 

Il.IMCt  211  . 

1.4«M 

0.  *161 

4^  CO  M 


DEEP  WATERWAYS. 
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Second  G-roup. — Face  of  the  weir,  on  the  upstream  side,  vertical  or  nearly 

vertical — Continued. 

BAZIN'S  SERIES  NO.  142. 


Number  of  experiment. 

(1) 


1 


5 

6 

7 

8 
9 


h  =  depth 
on  crest, 
in  feet. 
(2) 

rn  =  coeffi¬ 
cient  of 
discharge. 
(3) 

Number  of  experiment. 

(1) 

h  = depth 
on  crest, 
in  feet. 

(2) 

rn  =  coeffi¬ 
cient  of 
discharge. 
(3) 

0.300 

0. 3537 

10  . . 

0.934 

0. 3681 

0.369 

0.3624 

11 . 

1.007 

0. 3677 

0. 447 

0. 3582 

12 . 

1.079 

0.3710 

0. 509 

0. 3565 

13 . . 

1.149 

U.  3716 

0. 591 

0. 3594 

14  . . . . 

1  222 

0. 3726 

0. 666 

0.3572 

15.... . 

1.285 

0. 3738 

0.727 

0. 3639 

16  . . 

1.362 

0.3742 

0.  795 
0.861 

0. 3660 
0. 3661 

17 . 

1.430 

0.3752 

BAZIN’S  SERIES  NO.  143. 


033 


Number  of  experiment. 

(1) 

h = depth 
on  crest, 
in  feet. 
(2) 

m  =  coeffl 
cient  of 
discharge. 

(3) 

1 . . . 

0. 352 

a  0. 3886 

2_. . 

0. 415 

0. 3985 

3 . 

0.462 

0.4250 

4 _ _ _ _ 

0. 513 

0. 4386 

5 . . 

0.567 

0.4515 

6 . 

0. 619 

0. 4608 

7 . 

0.675 

0. 4704 

8 . 

0. 725 

(1.4803 

9 . 

o.  771 

0. 4938 

10 . 

0. 821 

0. 5059 

Number  of  experiment. 

(1) 

h  =  depth 
on  crest, 
in  feet. 

(2) 

m  —  coeffi¬ 
cient  of 
discharge. 

(3) 

11 . . . 

0. 874 

0. 5135 

12 . . . 

0.920 

0. 5208 

13 . 

0. 972 

0. 5283 

14  . . . . 

1.022 

0.5321 

15 . . . . 

1.072 

0. 5404 

16 . 

1.126 

0. 5435 

17 . 

1.172 

0. 5489 

18 . . 

1.227 

0.5514 

19 . . . 

1.331 

50.5250 

20 . 

1.369 

0. 5229 

a  Nappe  adhering  and  attached  to  flat  crest. 
b  Nappe  adhering,  but  detached  from  flat  crest. 
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Second  Group. — Face  of  the  weir,  on  the  upstream  side,  vertical  or  nearly 

vertical — Continued. 

BAZIN  S  SERIES  NO.  144. 


0.33 


Numler  of  experiment. 

(1) 

A  »  depth  w  Coeftl 

on  rnut.  cient  of  Numl»r  of  experiment, 
in  feet,  dlacharge. 

(2)  l3)  (1) 

A  depth 
on  crest, 
in  feet. 
(2) 

m  —  coeftl- 
eient  of 
discharge. 

1 3) 

1 . 

o.  aw  o  :i**  u . 

0  01H 
0.  1*7* 
1.104 
1.1)14 
1.  IrW 
1.238 
1.2HB 
1.351 
1.411 

0. 4714 
0. 4777 

0  4774 

II  4750 

0  47i»l 
0.  47USI 

0  47m 
0. 47*5 
0.4H11 

4 

0  4 1  0  3U%4  12 . 

3  . 

0.475  II  41*1  13  . . 

4  . 

II  583  0  42n5  14  .  . . 

A  . 

0  AO*  li  4255  15  . 

fl  . 

ii  iv4.h  o  4:rr^  hi  . 

(i  TUI  (I  4433  17  . 

K  . 

(i  757  11  4531  1H . 

11  . 

Ii  Hlo  0.  4.W*  1» . 

0.  W)  0  4*I7V 

BAZIN  s  SERIES  NO.  14A 


* 


Number  of  cxjieriiuent. 

(1) 


1. 

•  • 

a! 

4 

5 

«. 

7 

8 
tf. 
10. 


A  **  depth 

m  ■-  co»-ftl 

A  •»  depth 

m  —  coeftl- 

on  crest . 

cient  of  Number  of  experiment. 

on  crest , 

cient  of 

in  feet. 

discharge 

in  f«*et. 

discharge. 

it) 

|3i 

(1) 

i2> 

4  3  > 

o.  :imi 

it  3785 

11 . 

o.  mu: 

0  44410 

II  424 

(i  :bs7«» 

12 . . 

l.UCi 

0.  4425 

II  471* 

(i  3b71 

13 . 

1  1*7 

0  44*11 

II  .V47 

Ii  4050 

14 . 

1  152 

0  4474 

0  5M4 

0  4177 

15 . 

1  210 

0  4505 

0. 

n  4- Is 

Ill . 

1.274 

0  4fiUg 

o  7a  i 

Ii  42*12 

17 . 

1  :tH 

1)  4515 

n  7sl 

0  4:122 

18 . 

1  31»i 

<1  4538 

0.  *35 

(1  435* 

1U . 

1  487 

0.  4.V44 

o  rat 

0  44011 

DEEP  WATERWAYS 
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Second  Group. — Face  of  the  weir,  on  the  upstream  side ,  vertical  or  nearly 

vertical — Con  tin  ued . 


BAZIN'S  SERIES  NO.  146. 


Number  of  experiment. 

(1) 

h  =  depth 
on  crest, 
in  feet. 

(2) 

m  =  coeffi¬ 
cient  of 
discharge. 

(3) 

1  . 

0.367 

0.3632 

2 . 

0.437 

0. 3698 

3 . 

0.492 

0.3837 

4. . 

0. 567 

0. 3804 

5 . 

0. 621 

0. 3923 

6 . . . 

0. 695 

0. 3885 

7 . . . . . 

0.749 

0.  3987 

8 . . 

0. 817 

0.  3988 

9 . 

0.883 

0. 4021 

10 . 

0. 951 

0. 4024 

Number  of  experiment. 

(1) 

h  =  depth 
on  crest, 
in  feet. 
(2) 

m  =  coeffi¬ 
cient  of 
discharge. 
(3) 

11 . 

1.012 

0. 4080 

12 . 

1.085 

0. 4072 

13 . . 

1.141 

0.4119 

14 . 

1.213 

0. 4124 

15 . . 

1.272 

0.4153 

16 . 

1.344 

0. 4169 

17 . . 

1.405 

0.4190 

18 . 

1  473 

0.4211 

19 . 

1.532 

0. 4233 

BAZIN'S  SERIES  NO.  147. 


0.  6  6 


N umber  of  experiment. 

(1) 

7i=depth 
on  crest, 
in  feet. 

(2) 

m= coeffi¬ 
cient  of  1 
discharge. 

(3) 

Number  of  experiment. 

(1) 

7i=depth 
on  crest, 
in  feet. 
(2) 

>h= coeffi¬ 
cient  of 
discharge. 
(3) 

1  . 

0. 231 

0.3429 

12 . . 

0.898 

0. 4409 

2  . 

0. 308 

0. 3552 

13 . . . 

0. 953 

0.  4453 

3  . 

0. 373 

0. 3566 

14 . 

1.015 

0. 4535 

4  . 

0.4:58 

0. 3098 

15 . . . 

1 . 063 

0. 4580 

0. 503 

0. 3759 

16  . . . 

1. 115 

0.  4653 

6 

0.3907 

17 . . . 

1.165 

0. 4723 

7  . 

0. 3999 

18 . 

1.217 

0. 4775 

8 

0. 681 

0. 4045 

19 . 

1.265 

0. 4803 

9  . 

0.7:54 

0.  4170 

20 . 

1.332 

0. 4854 

10  . 

0. 797 

0.4238 

21 . 

1.394 

0. 4962 

11 . 

0. 845 

0.4299 

DKK1 


\V  ATKHW  A  VS 
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Second  Group. — Face  of  the  m  ir.  mi  the  upstream  side,  vertical  or  nearly 

vertical — Continued. 

BAZIN'S  SERIES  NO.  149. 


0! 66 


Nambrr  of  experiment. 

(1) 

A  —depth 
on  ereet, 
in  foot. 

(Si 

m  — ooeftl 
dent  of 
dleehnnre. 

t3t 

Number  of  experiment. 

(1) 

A— depth 
on 

in  feel 
(2) 

III  •acocftl* 

dent  of 

diiwhnnre. 

(3) 

| 

0.  24* 

0.31  AN 

12 . 

0. 942 

0.  41  111 

o  ai; 
(i.  aon 

ii  :tfl7 
ii  :ttr 

13 

o.  non 
1.1*41 

0.  41KI 
0. 4231 

3 

14 . 

4 

ll.  4.V> 

ii  3410 

W . 

i .  ion 

0  4»" 

5 

o  521 

0. 3513 

10 . 

1.  105 

0  4.153 

6 

0  6N5 

ii  :m»7 

17  ..  .. 

1.3»i 

0  43W1 

0.  053 

ii  STOR 

IK  .... 

1  281 

0  4447 

8 

0.  705 

0.3740 

19 . 

1.330 

0.  4402 

11 

ll  700 

0  t-  4  1 

31  . ... 

l  :p<5 

<1  4527 

10 

II.  M|M 

ll  :tmi 

21  .... 

1.  440 

0.  4580 

n . 

0.  UK! 

o.  4U80 

Bazin  s  series  no.  wo. 


0.66 


A a  depth 

Ml  POfffl- 

Number  of  experiment 

0.1  ClTHt. 

(•lent  of 

ill  feet. 

diwlmrire 

(1) 

(t> 

13) 

ami 

0.  31.53 

2 

o  r;i 

ll  :CJP7 

3  .  ... 

0. 370 

ii  3400 

4  . . 

0.  «.*|0 

II  3515 

5  . 

II  512 

ii  3031 

0 . 

ll  .Wi 

ll  3.(12 

7  . 

0.087 

(i  ;iKt2 

H  . 

0.  ini' 

II  30HS 

0  . 

0  751 

n 

10  . 

0  014 

II  4003 

0.800 

0.4127 

Number  of  experiment. 

(1) 

A— depth 
on  ereet, 
in  feet. 

(2) 

m  —coefti  • 
dent  of 
dt»rl»rge. 

(3) 

12  . 

0.  ir> 

n  43  ti 

13 . 

0.  982 

0.4311 

14  . 

1.i>43 

ll  4t> 

15  . 

1.095 

II  4381 

10  . 

1  152 

II  443H 

17  . 

1.215 

II  4408 

1*  . 

I  259 

0.  45211 

Ill . 

1.315 

0  4551 

31 . 

1.323 

0.4555 

21 . 

1  :i*n 

0. 4592 

•M 

1.439 

0.  4045 

DEEP  WATERWAYS. 
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Second  Group. — Face  of  the  weir,  on  the  upstream  side,  vertical  or  nearly 

vertical — Continued. 

BAZIN'S  SERIES  NO.  151. 


O.  66 


BAZIN'S  SERIES  NO.  153. 


o'.  66 


Number  of  experiment. 

(1) 

A=deptli 
on  crest, 
in  feet. 

(2) 

in = coeffi¬ 
cient  of 
discharge. 

(3) 

1 . 

0.237 

0.3408 

o 

0.301 

0.3458 

3. . 

0. 372 

0.3476 

4. . . 

0. 373 

0. 3534 

5 . . . 

0. 410 

0.3613 

6 . . . 

0.505 

0. 3649 

0. 576 

0.3747 

8. . . . 

0. 637 

0. 3827 

0. 65)6 

0. 3S06 

10 . . . 

0.701 

0.3863  ; 

11 . 

0. 760 

0.3930  | 

12 . 

0. 762 

0. 3940 

13 . 

0. 814 

■  0.3996 

Number  of  experiment. 

(1) 

A=depth 
on  crest, 
in  feet. 

(2) 

m  = coeffi¬ 
cient  of 
discharge. 
(3) 

14 . 

0.879 

0. 4057 

15 . . . 

0.937 

0. 4107 

16 . 

0. 993 

6.4171 

17 . . 

1.001 

0. 4159 

18 . 

1.055 

0. 4237 

19 . . . 

1. 102 

0.  4253 

20 . - . . 

1.170 

0. 4318 

21  . . 

1.226 

0. 4341 

»>♦> 

1.290 

0. 4379 

23 . . 

1.289 

0. 4392 

24 . 

1.347 

0. 4408 

25 . 

1.404 

0. 4463 

26 . 

1.436 

0. 4466 

II.  Doc,  149 


40 


DEEP  WATERWAYS 
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Second  Group. — Face  of  the  tceir,  on  the  upstream  side,  x'ertical  or  nearly 

x'ertical — Continued.  \ 

BAZIN’S  SERIES  NO.  154. 

0*66 


Number  of  experiment. 

(1) 

A  depth 
on  crest, 
in  feet. 

(2) 

hi 

cient  of 
discharge 

(S) 

]  . 

0.  SW 

0  3370 

0.308 

0.3421 

o  :mi 

0.  3A2I 

4  . 

0  447 

0. 3554 

ft . 

o.  .’<>* 

0. 3077 

tl  . 

0.577 

0.3701 

0. 144.4 

0.3787 

H  . 

0.  7o*4 

o.  3*2*4 

i* . 

o.  700 

0.3360 

0.  *23 

o  :i**7 

NiimtuTnf  experiment. 

CD 

ft— depth 
on  crest, 
111  feet. 

(2) 

m—coefll 
cient  of 
discharge. 

(3) 

ii . 

0.  SSS 

o.  :w:> 

12 . 

o.  m«t 

0.  404.4 

13 . 

1.011 

0.  4036 

14 . 

1.07ft 

0.4123 

1ft . 

1.  13* 

0.41  Mil 

ID . 

1.  lie, 

0.  4  .1  >4 

17 . 

1.250 

0. 424ft 

1* . 

1.310 

0  42*2 

H>  . 

1.370 

0.  421*i 

20 . 

1.430 

0.  4334 

BAZIN  S  SERIES  No.  l.'A 


0.66 


Number  nf  experiment. 

aj 


i. 

•i 

3. 

4. 

ft. 

r. 

i . 

H. 

». 

10. 


nil  CTMt 

in  f<tM . 

(2) 

cient  of 
discharge. 

<  3  ■ 

Nun 

0. 24ft 

0.3441 

11  .. 

0  311 

0. 344*0 

12  . . 

0. 8K2 

0. 3644 

13  ... 

0.  44*1 

o  sail 

14  .. 

0..KS 

0  3il24 

1ft.. 

0.  ft76 

0.  :il475 

16  .. 

0.  638 

0.37ft* 

17  .. 

0.  TUI 

o.  3*2 1 

1*  .. 

0.  7*44 

0.3*60 

11*  . 

0.  K44 

o  :m*7 

20  .. 

crest, 
l  feet. 

•  2) 

cient  of 
discharge. 

(3) 

0.8*8 

o.  ;bc,h 

0.  ttW 

0. 408ft 

1.018 

0.44C1 

1.078 

0.41111 

1.13* 

0.414*4 

1-203 

0.412*4 

1 . 2*411 

0.  41141 

1  340 

0.  411*4 

l.:tss 

0.4185 

1.457 

0.  4i.*7 

DEEP  WATERWAYS.  627 

Second  Group. — Face  of  the  weir,  on  the  upstream  side,  vertical  or  nearly 

vertica  l — Continued . 

BAZIN’S  SERIES  NO.  157. 


i  A'3  /  i 


Number  of  experiment. 

(1) 

h— depth 
on  crest, 
in  feet. 

(2) 

m  =  coeffi¬ 
cient  of 
discharge. 

(3) 

1 . . 

0.241 

0.3282 

g 

0.321 

0. 3238 

3 . 

0. 395 

0. 3280 

4... . 

0. 475 

(1. 3299 

5 . 

0.547 

0. 3288 

6 . 

0.624 

0.3317 

7 . . . 

0.696 

0. 3371 

8 . . 

0. 765 

0. 3403 

9 . 

0.826 

0. 3470 

10 . 

0.893 

0. 3498 

Number  of  experiment. 

(1) 

h = depth 
on  ci-est, 
in  feet. 

(2) 

m= coeffi¬ 
cient  of 
discharge. 

(3) 

11 . 

0. 957 

12 . 

1.030 

0. 3591 

13 . 

1.093 

14 . _ . 

1.156 

0. 3698 

15 . 

1.216 

16 . 

1.277 

0. 3801 

17 . 

1.337 

0. 3855 

18 . - . 

1.394 

0. 3883 

19 . 

0.3959 

20 . . . . 

1.474 

0. 3989 

BAZIN’S  SERIES  NO.  158. 


1.31 


Number  of  experiment. 

(1) 

7i=deptli 
on  crest, 
in  feet. 

(2) 

m= coeffi¬ 
cient  of 
discharge. 

(3) 

Number  of  experiment. 

(1) 

h= depth 
on  crest, 
in  feet. 
(2) 

m = coeffi¬ 
cient  of 
discharge. 

(3) 

1 

0.234 

0.3479 

11 . 

0.930 

0. 3744 

2 

0. 312 

0.3389 

12 . 

0.984 

0. 3799 

3 

0.383 

0. 3463 

13 . 

1.055 

0. 3866 

4 

0.457 

0.3479 

14 . . . 

1.125 

0.3889 

5  . 

0. 530 

0. 3499 

15  . . 

1.179 

0.3923 

0.600 

0.3524 

16 . - . 

1.243 

0. 3983 

rt 

0. 672 

0. 3559 

17 . 

1.297 

0. 4025 

8 

0. 733 

0.3606 

18 . . . 

1.361 

0. 4066 

9 

0.799 

0.3633 

19 . 

1.412 

0. 4112 

10 

0.860 

0. 3682 

20 . 

1.457 

0. 4142 

C28  DKE1»  WATERWAYS. 

SECOND  Group. — Face  <>f  the  veir,  <ni  th>  n/uttn am  ttiile,  vertical  or  nearlu 

vertical — Continued. 

BAZIN  S  SERIES  N<>.  154». 


Number  of  experiment 

(1) 


h  —depth 

<>n  creet, 
in  feet. 


III  —  l-Oc(ll- 

5— depth 

m— eoeffl- 

dent  ol  Number  <>f  experiment. 

on  creirt. 

dent  of 

cliHcbnrge. 

in  feet. 

dlMchnrife. 

iSi  il) 

(2> 

(3) 

n  :ecci 
i».  :»24 
0  *15 
«.  JWC 
141* 
0. 3RJSI 
0.3544 

ii.:nn» 

<>  t-.;  i 
ii.  arc*: 
ii  KAMI 
0 

II  3727 


1 1 

15 

ill 

17 

1" 

IV 

•_ii 

21 

►  • 

•Fi 

24 

25 

as 


II. 

(I.  IKK 
O.SM 

I .  US 

I  I2B 
1  145 
1.  11* 
I  an 
i.aai 

1.332 

I.:m* 
144.5 
1.  45« 


0.3H65 
n.awM 
11.3751 
n  :n:r 
(I  3N» 
(I  I7UH 

ci.:wai 
0  :*7x 
0.  :WV> 

n. avnti 
II.3U  12 
0.3W7X 

o, ;w77 


BAZIN  S  SERIES  No.  lmi. 


> 


Number  of  ex)>eriinent. 

5  •  depth 
on  crest. 

in  -  na*l!i  • 

clout  of  NtitnWr  «»f  tx)«rini(*ut 

/.  depth 
on  crest. 

in  » ooelll- 
eient  of 

(!) 

in  feet. 

|2) 

dhx'lmrire 

(Si  ill 

in  feet. 
(2. 

dittclinriff. 

(3i 

II.  451 

I).  3505  14 . . . 

o.  m* 

0. 37711 

II.  AC* 

n  3512  in 

1.H74 

0.3772 

3  . 

o.  :«t 

0.3541  11  . . 

1.12V 

1.1V8 

1.254 

0. 37s4 
0.3*1* 
(I.3H42 

5  . 

(i.  itr.'i 
0. 73S 

11.354*  13  . . 

«» . 

11,  71* 

0. 3H2t'  14 . 

1..BB 

ii. 

II.  MCI 
II.  !Oii 

n.:taV41  1ft . 

1.:im» 

ii  .aim 

H 

ii  .'Cm  M 

1.457 

11.3(07 

DEEP  WATERWAYS. 


629 


Third  Group. — Slope  of  weir  face  both,  above  and  below,  in  neither  case  exceeding 

45°  from  the  horizontal. 

BAZIN’S  SERIES  NO.  161. 


Number  of  experiment. 

(1) 

h  =  depth 
on  crest, 
in  feet. 

(2) 

m  —  coeffi¬ 
cient  of 
discharge. 

(3) 

Number  of  experiment. 

(1) 

h  —  depth 
on  crest, 
in  feet. 

(2) 

m  =  coeffi¬ 
cient  of 
discharge. 
(3) 

1 . . 

0.298 

0.5373 

14 

0  992 

0  5359 

2 

0.354 

15 

1  019 

0  5374 

3 . . . . . 

0. 413 

0. 5308 

16  , 

1  056 

0  5340 

4 . . 

0. 472 

0. 5272 

17 

1  083 

0  5 323 

0.529 

0  5259 

18 

1  118 

0  52H*> 

6 . . 

0. 581 

o.  5297 

19  . 

1  157 

0  5190 

C.  639 

0. 5289 

20 . 

1.187 

0  5188 

8 . 

0. 693 

0. 5314 

21 . 

1.225 

0. 5139 

9. 

0.  750 

0.5331 

1.263 

0  5102 

10... . . . . . 

0.803 

0. 5374 

23 . . . 

1.289 

0.5118 

11 . . . 

0. 864 

0.5373 

24 . . . 

1 . 326 

0. 5087 

12 . 

0. 919 

0. 5385 

25 . 

l.a59 

13 . . 

0.960 

0.5405 

BAZIN'S  SERIES  NO.  162. 


Number  of  experiment. 

(1) 

/(=deptli 
on  crest, 
in  feet. 
(2) 

in  =>coeffi- 
cient  of 
discharge. 
(3) 

Number  of  experiment. 

(1) 

/t=depth 
on  crest, 
in  feet. 
(2) 

/(^coeffi¬ 
cient  of 
discharge. 
(3) 

1 . . . 

0.302 

0.5282 

11 . .  . 

0. 866 

0.5310 

2 

0. 360 

12 . . . 

0. 923 

0.5306 

3 

0.  413 

0.5257 

13 

0. 982 

0. 5305 

4  . 

0. 472 

0.  5228 

14 . 

1.037 

0.5301 

0. 529 

0. 5246 

15 . _ . 

1. 099 

0. 5287 

6 

0. 5250 

16 . . . 

1. 163 

0.5241 

0. 644 

0. 5233 

17  . . . . 

1.235 

0.5187 

8 . 

0. 697 

0. 5228 

18 . . . 

1.297 

0.5164 

9 

0.5253 

19 . 

1.350 

0.5137 

10 . 

0. 810 

0. 5280 

630 


DEEP  WATERWAYS. 


Third  Group. — Slojw  of  tceir  face  both  almvc  and  below,  in  neither  case  exceeding 

.',5  from  the  horizontal — Coutinued. 

BAZIN'S  SERIES  NO.  103. 

- »  ~ t 

X? 

i 


NuniWr  of  ex|»eriincnt. 

(1) 

A  ■■depth  hi  ‘foeffl- 

on  cre*t,  clent  of  NumU>r  of  experiment. 
In  feet,  diacbarirc. 

(2)  (8)  (1) 

5 —  depth 
on  crest, 
in  feet. 

<2) 

in  — coeth- 
dent  of 
discharjrc. 

(3* 

1 . 

0. 1M 
0.244 

o.  an 
0.  .'km 
0.  420 
o.  486 
o.  sat 

0.  :.i»! 

o.  osa 
o.  70* 
0.  7t» 

0.4746  12.. 

0. 827 
0.882 
0.  940 
0.  90H 
1.U50 
1.114 
1.171 

1. 201 
1.285 
1.330 

0. 5017 
0.  .K  am 
0.  .V  £18 
0  5061 
0.5*  mi 
0.  >052 
0.5*  *71 
0.5076 
0.5120 
ft  5100 

2 

0.  47-1  13 . 

a . 

I)  4786  It 

4 . 

0.4775  15  . 

0  47711  Itl 

o . 

(1. 4750  17.. 

0  4m  111  1- 

b . 

0. 41*17  11*  . 

0 . 

0.  4*80  a* 

10 . 

0. 41*!tt  21  . 

11 . 

0.  turn 

BAZIN’S  SERIES  NO.  164. 


Number  of  exjierimont. 

(1) 

5  —  depth  m  •  coeffl- 
on  crest.  clent  of 

111  feet.  discharge 

(2*  |  <31 

Number  of  experiment. 

.  (1) 

5 —  depth  m  —  coeftl- 
on  crest,  clent  of 

in  feet.  discharge. 

(2)  (8) 

1 . 

0.244 
0.305 
0. 307 
0.  425 
0. 482 
o.  \a> 
0. 502 
0. 051 
0.702 
0.78*1 

0.4811 
0.4861 
tt.  4821 

0  4667 

0. 

0  48» 

0.  41*13 
o  4915 
0.4946 

0. 4000 

11  . 

0.817 
0.877 
0.  !tfl* 
0.  l*l£l 
1.062 
1.115 
1.182 
1.210 
1.277 
1.330 

0. 5IC1 
0.5046 
0. 5**70 
0.5111 
0. 5IXO 
0.5136 
0.5151 
0.5172 
0.52*15 
0. 5217 

•» 

12 

3 . 

18 . 

4 . 

14  . 

5 . 

15 

tl . 

16  . 

17  .. 

18 

0 . 

11*  .. 

10 . 

20  .. 

I 


DEEP  WATERWAYS.  631 

Third  Group. — Slope  of  weir  face  both  above  and  below,  in  neither  case  exceeding 

45°  from  the  horizontal — Continued. 

BAZIN'S  SERIES  NO.  165. 


Number  of  experiment. 

(1) 

h  =  depth 
on  crest, 
in  feet. 

(2) 

m  =  coeffi¬ 
cient  of 
discharge. 
(3) 

Number  of  experiment. 

(1) 

h  =  depth 
on  crest, 
in  feet. 

(2) 

m  -  coeffi¬ 
cient  of 
discharge. 

(3) 

1 . 

0.  a37  ;  0. 4435 

0.  401  (1  4447 

11 

0.  969 
1.029 
1.090 
1.158 
1.217 
1.279 
1.341 
1.401 
1.448 

0. 4528 
0. 4531 
0.4538 
0. 4553 
0. 4563 
0. 4584 
0.4583 
0.4601 
0. 4648 

2  ■ 

12 

3 . 

0.464 
0. 528 
0. 593 
0.656 
0.720 
0.783 
0.843 
0.904 

0.4443 
0.4433 
0. 4413 
0. 4422 
0. 4422 
0.4433 

0. 4461 
0.4506 

13 

4.. . 

14 

5 . . 

6 . 

16  . 

7 . 

17 

8 . 

18 . 

9 . 

19  .. 

10 . 

BAZIN’S  SERIES,  NO.  166. 


I* *KKI 


WATKKW  A  YS 


TlIIUI>  GROUP. — Sloj s'  of  V'i  irfuct  both  nhoi'c  ami  b<  loir,  in  nrithrr  case  exceeding 

from  the  horizontal — Continued. 

BAZIN  S  SERIES.  No.  UC. 


0.33 


A— depth  m— rnettl 
NurnWrof  experiment,  oncr.  nt.  dent  of 


in  fei't.  dincharw' 

(1)  i2)  (3) 


I .  0.341  0.44*7 

.  n.  :»*  u  ISM 

:» . .  0.453,  4I.43H7 

I  .  .  O  MB  0  .4*41 

*  .  (..  505  0.4*77 

t  .  0.010  0  4#7» 

T  .  "  *71  0  17*8 

*  .  o  7»  o  imss 

!•  .  II  >1  0  1017 

10 .  0  K»  (I  no 


..  .  „  A —depth  m— coefti- 

>  umlwr  of  experiment.  .merest,  dent  of 


in  f<*ot.  disdiimn- 

ili  (2)  i 3> 


11  .  o.hh*  n.  now 

12  .  O.lWi  0.51*7 

18 .  0.8H7  I  0.817# 

It  .....  I.i04  0. 5*18 

IB  I  is|  0  .v.v., 

10 .  1.142  41.5310 

IT  .  I  !»  (i  5340 

is . . .  1.246  0.5000 

1#  .  I  804  »  5431 

31 .  1.354  0.5437 


BAZIN  S  SERIES.  NO.  Ms. 


o!33 


A  —  depth 

Numherof  ex]>eriniciit. 

mi  crest 

cien  t  of 

III  feet 

<li*c  burin' 

ill 

(2) 

(8l 

1 . 

o.  :til 

0.  4137 

•  » 

o  at* 

n  42sl 

n  444 

n  4  4;  w'i 

4 . 

(1  AUt 

0  i*(K 

5  . 

0  501 1 

0  4502 

tl . 

0.  #10 

0.  4U4S 

n  tow 

•1  47® 

K . 

II  732 

li  4710 

H  . . 

o 

11  4  s  >1 

10. . 

0.  SRI 

0.  4*77 

..  .  ,  A  —  depth  m  —  coefti- 

Nuiulier  of  exjierlineiit.  ouere*t.  dent  of 


In  feet.  dteobarice 

(I*  iSl  i:i> 

n  o  s'.is  i  ms 

12  0  064  4i  4940 

|S  .  1  •  1  IMW 

14 . 1  l.i  OB  u.  51  tfirH 

IB  .  .  1.117  0.84*0 

I#  . .  I  RKt  o  IUS 

17 .  1.23H  0.51M0 

II  .  1  276  0  51(40 

11* .  1  :tts  1  0.530 

3i . i  1.380  n.  5252 


DEEP  WATERWAYS 


Third  Group. — Slope  of  weir  face  both  above  and  below,  in  neither  case  exceeding 

45°  from  the  horizontal — Continued. 

BAZIN’S  SERIES,  NO.  170. 


>  0.33 


Number  of  experiment. 

(1)  ' 


li  -  depth 
on  crest, 
in  feet. 
(2) 

m  =  coeffi¬ 
cient  of 
discharge. 

(3) 

Number  of  experiment. 

(1) 

h  —  depth 
on  crest, 
in  feet. 
(2) 

m  —  coeffi¬ 
cient  of 
discharge. 

(3) 

0. 351 

0. 4184 

9 

0. 811 

0. 4753 

0.411 

0.4300 

10 . . . . 

0.871 

0. 4796 

0.  468 

0. 4364 

11 _ 

0. 926 

0. 4824 

0.529 

0.  4488 

12  . . . . 

0. 981 

0. 4895 

0. 585 

0.4488 

13 . . . . 

1.009 

0.4928 

0.642 

0. 4576 

14  . . . . 

1.060 

0. 4948 

0.  701 

0. 4632 

15  . . 

1.115 

0. 4987 

0  753 

0.4689 

16  . . . . 

1.174 

0. 5027 

BAZIN’S  SERIES.  NO.  173. 


>  0.33 


Number  of  experiment. 

(1) 

h — deptn 
on  crest, 
in  feet. 
(2) 

111  =  coeffi¬ 
cient  of 
discharge. 
(3) 

Number  of  experiment. 

(1) 

h = depth 
on  crest, 
in  feet. 
(2) ' 

m  =  coeffi¬ 
cient  of 
discharge. 
(3) 

i 

0. 356 

0.3872 

11 . . . 

0.962 

0.  4436 

♦> 

0.419 

0.4025 

12 . 

1  026 

0.4460 

3 

0. 482 

0.4039 

13 . . . 

1.086 

0.4482 

4 

0. 539 

0.4143 

14 . 

1. 152 

0. 4499 

5 

0. 602 

0.4175 

15. . . 

1.204 

0.  4558 

(> 

0. 661 

0. 4223 

16 . . . 

1.267 

0. 4586 

0. 722 

0. 4255 

17  . .  ... 

1.325 

0.4607 

8 

0.779 

0. 4333 

18 . . . 

1.377 

0. 4670 

9 

0. 838 

0. 4368 

19 . 

1.449 

0. 4645 

10 . 

0. 906 

0. 4414 

034 


DEEP  WATERWAYS 


TniRl>  GROUP. — Slo/te  of  iceir  face  both  niton’  iiml  heloir,  in  neither  cane  exceeding 

/■’  from  the  horizontal — Continued. 

BAZIN  S  SERIES.  NO.  17:1. 


o.'33 


Number  nf  experiment. 

(1) 

h  depth 
•  >11  crest, 
in  feet 

•  S* 

m  I'oeffi- 

oleat  «'t 

•liHi-lmrtre 

(Si 

Nnintx-r  i.t  experiment. 

(I) 

h  depth 
•  ill  crest. 
In  feet. 

i2i 

in  —  coeffi¬ 
cient  of 
discharge. 

(3) 

1 . 

n«t;m 

n  :*»c 

11 . 

0.  OHO 

0.  4447 

a 

(1  410 

0.  4<(*l 

12 . 

MCI 

II.  44*1 

•> 

o  4*1 

0  II. Mi 

13  .  ... 

1.074 

0  4.VC 

4  . 

0.  VC 

o  41. VS 

14  .  ... 

1. 137 

0.  45&5 

5  . 

0  MM 

n  4221 

15  ... 

111*’. 

0.  4572 

li  . 

0-lV,> 

0. 4SCI 

ill . 

1. 200 

0.  mm 

i  if :  1 4 

0  4:411* 

37 . 

1.315 

a  4tu» 

H . 

OCflO 

n  c*i3 

1M . 

1.375 

0. 40.52 

B  .  . 

07C44 

o.we 

0  4.B** 

10  .  ... 

1.3*1 

0.4042 

10 . 

II  44.> 

BAZIN’S  SERIES.  No.  IT:. 

O'  O  fa 


Nunil».r  of  experiment 

h  • depth 

on  cre»t. 

hi  —  coeffi¬ 
cient  of 

Nnmlier  of  ex|»»riment 

5  —  depth 
on  crest, 

m  •»  coeffi¬ 
cient  of 

(1) 

in  feet. 

ii) 

di»u-hnrge 

i3i 

<1) 

in  feet. 
<2) 

discharge. 

(8) 

1  . 

o.  ;*m 

0.31*50 

11 . 

o.  mo 

n.  4007 

*> 

ir.  421 

n  4<  *11 

12 . 

1.1*17 

ll  4040 

o.  4m7 

o  4n54 

13  . 

I  i*il 

0.  4710 

4 

0.  54# 

0  4110 

14  . 

1. 121 

0  4747 

n  iH* 

0  4220 

15 . 

1. 174 

0  471*1 

tl  . 

0.  HOT 

11.42*1 

10 . 

1.230 

(1.  4*1 1 

0.  720 

0  4IC17 

17 . 

1.207 

0.  4*4.5 

h  . 

0.  7*2 

li  4:fi*l 

1* . 

1.347 

I.  i-i.n 

B  . 

0.  K17 

n.  4402 

10 . 

1.JW7 

II.  40U* 

10  . 

0.KB4 

0  4.554 

DEEP  WATERWAYS. 


635 


Third  Group. — Slope  of  weir  face  both  above  and  below ,  in  neither  case  exceeding 

from  the  horizontal — Continued. 

BAZIN’S  SERIES,  NO.  176. 

\ 

^  0.6  6 

"T 

vD 

x* 

CM 


N limber  of  experiment. 

(1) 

h = depth 
on  crest, 
in  feet. 

(2) 

in  =  coeffi¬ 
cient  of 
discharge. 
(3) 

1 . 

0.237 

0.3439 

»> 

0.296 

0.3413 

3 . 

4  . . 

0.439 

0.3684 

5 _ _ _ 

0. 494 

0. 3795 

6 . 

0. 565 

0.  618 

0.3977 

8 . 

0. 682 

0. 4021 

9 . 

0.733 

0.4104 

10  . 

0. 797 

0. 4175 

11 . 

0.861 

0. 4251 

Number  of  experiment. 

(1) 

h  =  depth 
on  crest, 
in  feet. 
(2) 

to  —  coeffi¬ 
cient  of 
discharge. 
(3) 

12 . 

0.910 

0. 4296 

13 . 

0. 974 

0.4376 

14 . 

1.027 

0.4409 

15  . 

1.088 

0. 4449 

16 . . 

1.139 

0. 4518 

17 . 

1.196 

0. 4547 

18  . 

1.248 

0. 4586 

19 . 

1.303 

0. 4652 

20 . 

1.355 

0. 4676 

21 . 

1.420 

0.4727 

Number  of  experiment. 

(1) 

h =  depth 
on  crest, 
in  feet. 

(2) 

to  =  coeffi¬ 
cient  of 
discharge. 
(3) 

Number  of  experiment. 

(1) 

h  =  depth 
on  crest, 
in  feet. 
(2) 

to  =  coeffi¬ 
cient  of 
discharge. 
(3) 

1  .  .. 

0.367 

0.3861 

11 . 

0.965 

0.4562 

2 

0.433 

0. 3872 

12 . 

1.019 

0. 4621 

3 

0.497 

0. 3993 

13 . 

1.077 

0. 4658 

4 

0. 4050 

14 . . . 

1.129 

0. 4716 

0. 617 

0.4127 

15 . . . 

1.184 

0. 4753 

6 

0.680 

0.4180 

16 . 

1.243 

0. 4779 

0. 739 

0.4242 

17 . . . 

1.296 

0.4840 

8 

0.794 

0.4309  1 

18 . 

1.346 

0.4867 

9 

0.850 

0.4389 

19 . 

1.386 

0. 4924 

10 . 

0.906 

0.4482 

PKE1 


W  A  IKK  WAVS 


(>8(> 


TlllHi.  Group. — »S 'lojtr  of  irrir  fact-  Imth  aborr  ami  hrlmr,  in  neither  cane  exceeding 

\.r,  from  the  horizontal — Continued. 

BAZIN'S  SKRIKS  No.  178. 


0.66 


Number  <>f  experiment. 

(1) 

h  —  depth 
on  crest, 
in  feet. 

<2i 

m  ■  coefll- 
cient  of 
di*oharne. 

(8) 

Nnmlwr 

of  experiment. 

(1) 

h  ••  depth 
on  creirt . 
in  feet. 

(2i 

m  —  ooefll- 

cient  of 
discharge. 

(3i 

1 

o  •*■*■’ 

o  3522 

12 . 

o.  mm 

o  47115 

•> 

o  Jim 

o  arm 

18 . 

o  min 

0  4.17V 

3 

0  ai7 

o  mist, 

14  . 

1028 

0.  CtO* 

4 

0  4'll 

0.8K37 

15  ... 

l.no 

o  4  017 

s 

0  CM 

o  :»K)7 

10  ... 

1  142 

0  tint 

t; 

0  AVI 

o  :»*'i 

17  . ... 

1  1H5 

0  4540 

m 

o  nu 

0  OttS 

18  .  .. 

1  250 

0  45*17 

H . 

0.  Oti’-t 

O  *1  set 

IV  _ 

1  314 

0  4<W  ■  • 

V 

o  732 

o  4117 

31 . 

l.aw 

0  4*133 

10 

0.  780 

o.  4U«> 

21 . 

1.424 

0.  4070 

11 . 

0.847 

0  4271 

BAZIN  ->  SERIES  No.  17V. 


V  / 

0  66 


A»d<<|itli  wai'orAl  5  “depth  m  -coeffl- 

NninlsT  of  experiment  un  irrnt,  dent  of  Numlwr  uf  exjHirtiuent-  ,  on  rre«t,  dent  of 

in  feet,  discharge  in  feet,  diMcharge. 


<1> 

(2) 

< Hi  “ 

(1) 

(2) 

(*) 

» 

1 . 

o  M 

o  :rc«i 

11  . 

0.  IMS 

o  4530 

4) 

0.  431 

o  :W7 

12  . 

ltd 

0  4588 

3  .. 

0.  Its 

0  41 IM 

13 . 

1.078 

0  4*141 

4 

0  A> 

o  401*1 

14 . 

1.  134 

0  4il5 1 

5 

0  1114 

ntlsi 

15 . 

1.  ion 

0.  470 > 

il 

o  074 

0  4244 

Ill . 

l  247 

0.  47lo 

0  732 

o  4277 

17  . 

l  208 

0  4700 

8 . 

o  7V0 

0  4-Ctl 

IN . 

1  457 

0  4840 

0  KM 

0  4300 

10 . 

1 .  44  El 

0.  4884 

10  . 

o  me 

0  4480 

DEEP  WATERWAYS. 


637 


Third  Group. — Slope  of  weir  face  both  above  and  below ,  in  neither  ease  exceeding 

45°  from  the  horizontal — Continued. 

BAZIN’S  SERIES  NO.  181. 


0.66 


Number  of  experiment. 

(1) 

7i= depth 
on  crest, 
in  feet. 

(2) 

j)j=coeffi- 
cient  of 
discharge. 

(3) 

1 . 

0. 219 

0. 3789 

O 

0. 290 

0. 3858 

3 . . 

0. 356 

0. 3863 

4 . - . . 

0.423 

0.3900 

5 . . 

0.486 

0. 3993 

6 . 

0.554 

0. 3970 

7 . . . 

0. 621 

0.4030 

8... . 

0.677 

0. 4092 

9 . . . . 

0.743 

0.  4105 

10 . 

0.797 

0.4153 

0.861 

0. 4210 

Number  of  experiment. 

(1) 

7i=deptli 
on  crest, 
in  feet. 

(2) 

m  coeffi¬ 
cient  of 
discharge. 

(3) 

12 . 

0. 920 

0.4267 

13 . . 

0. 983 

0.4311 

14 . 

1.044 

0. 4345 

15 . 

1.1)1 

0. 4394 

16 . 

1.159 

0. 4413 

17  . . . . . 

1.228 

0.4447 

18 . 

1.278 

0. 4484 

19 . 

1.342 

0. 4518 

20 . 

1.403 

0.4534 

21 . 

1.463 

0.4578 

Fourth  Group. — The  two  faces  of  the  weir  united  by  a  curved  surface  at  the  crest. 

BAZIN’S  SERIES  NO.  182. 


Number  of  experiment. 

(1) 

7i=depth 
on  crest, 
in  feet. 
(2) 

/a  coeffi¬ 
cient  of 
discharge. 

(3) 

1 . 

0. 280 

0. 3927 

9 

0.  403 

0.4012 

3 . 

0. 526 

0.4150 

4  . 

0. 641 

0. 4309 

5 . 

0. 761 

0. 4448 

6 . 

0.867 

0. 4584 

Number  of  experiment. 

(D 

7i=depth 
on  crest, 
in  feet 

(2) 

»<•= coeffi¬ 
cient  of 
discharge. 

(3) 

7 _ .............. _ 

0. 989 

0. 4654 

8 . 

1.091 

0. 4749 

9 . 

1.210 

0.4821 

10 . 

1.320 

0. 4870 

11 . 

1.413 

0. 4  %6 
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Fourth  Group. —  Thr  tico  fans  of  the  iceir  nuUnl  hy  a  curved  surface  at  the 

crest — Continued. 

BAZIN'S  SERIES  NO.  188. 

- 7> 


K - 1.97 - M 

>\0.'67  ^  | 


Number  of  experiment. 

(ll 

h  depth 
oil  crest, 
in  feel 

i  '*  t 

m  coeffi 

cient  of 

dterbarfce- 

«3) 

Numtier  of  exjsTimeut. 

1 

Ii  depth 
on  crest, 
in  feet. 

III  —coeffi¬ 
cient  of 
discharge 

(3. 

1 . 

0.  ^ 

o  37  58 

• 

1.IMI 

0.4131 

•» 

0.  425 

0.  .'►.Ti 

H . 

1.301 

0.  4 1*.K{ 

I)  .vs  l 

n  :Kkt 

u  . 

1.322 

0. 4274 

0  MI7 

il.MS 

i" . 

1.431 

0  4.188 

5 . 

O.HM 

n  3U82 

u  . . 

1  .548 

0.  4  4-C2 

8 . 

».  M3 

n  44  Ho 

e‘ i ft 1 1  Group.  —  llVir*  icith  till  profile  of  the  crest  com jiletely  curved, 

BAZIN  S  SERIES  No.  l*i. 


Number  of  ex]teriiueiit 

(1) 

Ii  depth 
on  crest. 
In  feet. 

*  I 

in  -  coeffi¬ 
cient  of 
disclim  ge 

(3) 

1 . 

II.  218 

on  4<tn’> 

•i 

o  :*«» 

II  4844 

:i  . 

0  AY. 

II.  41817 

4  . 

0.  44*4 

li.  5IMI 

(1  47.7 

<1.5  it* 

8  . 

0.  S11 

ll  .veil 

Ii  ,Y»7 

ll  YWi 

H 

II.  tH  17 

II  Y.l  7 

ii . 

U  DU 

(1  5383 

in  . 

0. 7ui 

0.5885 

ll . . 

0  7U1 

Ml. . VCR 

Nuiiils’r  of  experiment. 

(1) 

h «■  depth 
on  crest, 
in  feet. 

<2) 

TO  “  Coeffi- 

cient  of 
discharge. 

i2l 

12 . 

0.  758 

0.  5004 

13  .  . 

0.811 

0. 570W 

14 . 

II. 8114 

a  MM 

15 . 

0.883 

0. 5877 

Ii! . . 

II,  U7U 

II.  5681 

17 . 

1  042 

II..V144 

18 . 

1.007 

0. 51112 

Ill  .  . 

1. 151 

(1. 58251 

31 .  . 

1  227 

0.5YKI 

21 . 

1.274 

0.  Y.72 

<i  Adhering  u*ppe. 


1»Nhj>i«3  wetted  underneath. 
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Fifth  G-roup. — Weirs  with  the.  profile  of  the  crest  completely  covered — Continued. 


BAZIN’S  SERIES  NO.  193. 


Number  of  experiment. 

(1) 

h  =  depth 
on  crest, 
in  feet. 
(2) 

m  —  coeffi¬ 
cient  of 
discharge. 
(3) 

Number  of  experiment. 

(1) 

h = depth 
on  crest, 
in  feet. 

(2) 

m  =  coeffi¬ 
cient  of 
discharge. 

(3) 

1 . 

0.260 
0.317 
0.374 
0.429 
0.478 
0.534 
0. 585 
0.634 
0.684 
0. 736 

0.4354 

0.4496 

0. 4635 

0. 4716 
0.4891 
0.4924 
0.5049 
0.5108 
0.5238 

0. 5293 

11 . 

0.780 
0. 836 
0. 886 
0.932 
0. 979 
1.035 
1.093 
1.148 
1.201 
1.266 

0. 5418 
0. 5480 
0. 5559 
0. 5628 
,  0.5644 
0. 5710 
0.5675 
0. 5663 
0. 5695 
0. 5665 

2 . . . 

12 . . 

3 . 

13 . . 

4 . 

14 . 

5 . 

15 . 

6 . . 

16 . 

7  __ . 

17 . . . 

8 . . . . 

18 . 

9 . 

19 . 

10. . 

20 . . 

DATA  USED  IN  WORKING  UP  ORIGINAL  DISCHARGE  CURVES  ON  PLATES 

107  TO  126,  INCLUSIVE. 

On  plates  107  to  126,  inclusive,  we  have  given  a  series  of  discharge 
curves  computed  for  the  several  dams  at  which  gaugings  have  been 
made.  As  will  be  noticed,  two  curves  are  shown  on  most  of  these 
plates.  The  full-line  curve  is  that  derived  from  Bazin’s  work  applied 
with  the  best  judgment  that  could  be  brought  to  bear  upon  the  sub¬ 
ject,  while  the  dotted-line  curve  represents  a  new  discharge  curve, 
determined  as  the  result  of  experiments  on  flows  over  various  weirs 
made  during  May  and  June  at  the  Cornell  University  Hydraulic 
Laboratory,  and  to  be  described  further  on.  The  following  embodies 
a  concise  statement  of  the  reasoning  upon  which  was  based  the  orig¬ 
inal  full-line  discharge  curves,  as  determined  from  Bazin’s  experi- 
>  ments  and  as  shown  on  plates  107  to  126,  inclusive,  together  with 
brief  explanations  as  to  t  he  revised  curves  shown  by  dotted  lines. 

In  the  chapter  on  Gauging  of  Streams  Tributary  to  Deep  Water¬ 
ways  in  Central  and  Eastern  New  York  the  author  has  briefly  described 
each  gauging  station,  referring  therein  to  t lie  taking  of  profiles  and 
cross  sections  of  the  crests.  In  order  to  apply  Bazin’s  coefficients, 
the  longitudinal  profiles  of  the  several  crests  were  plotted  at  a  large 
scale  and  each  crest  divided  into  a  series  of  approximately  level  sec¬ 
tions,  as  shown  by  the  longitudinal  sections  on  plates  107  to  126. 

It  was  assumed  that  at  the  end  of  eacli  individual  section  the  con¬ 
ditions  of  flow  would  be  the  same  as  though  the  end  of  the  section 
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"ere  tlu>  end  of  a  dam  without  any  lateral  contraction.  In  order  to 
apply  Bazin's  coefficients,  curves  of  flow  over  a  single  foot  of  crest 
were  then  plotted,  as  illustrated  by  plates  12!)  and  Bln,  whereon  are 
•riven  discharge  curves  for  a  single  foot  of  crest  for  Bazin's  series  of 
experiments  Nns.  17<>and  175. 

At  gauging  station  No.  1  (plate  1<>7)  dashboards  of  2-ineli  plank  1 
foot  in  height  are  used  during  most  of  the  year  fora  portion  of  the 
crest .  When  these  dashboards  are  in  place  the  flow  over  this  section 
of  dam  has  Been  computed  by  Francis's  weir  formula.  The  situation 
at  t  his  stat  ion  is  somewhat  complicated  by  t  he  presence  of  the  old  dam 
just  back  of  the  new  dam.  as  shown  on  plate  b'7.  Taking  into  account 
the  water  cushion  between  the  two  crests,  it  was  considered  that 
Bazin  s  scries  No.  115  fora  crest  •1.5(1  feet  in  width  would  fairly  apply, 
l’he  discharge  curve  for  this  station,  as  given  on  plate  p>7,  has  there¬ 
fore  been  computed  on  this  basis.  These  discharge  curves  are  in 
every  case  for  full  length  of  dam,  and  for  the  stated  heads  from  •>  to 
4  feet. 

I  he  Cornell  Fniversity  experiments  not  having  furnished  any  data 
applying  to  Baldwinsville  dam,  the  discharge  curve  has  been  left  as 
originally  drawn. 

At  gauging  station  No.  2  (plate  108)  the  front  of  the  dam  is  nearly 
vertical,  with  back  slopes  of  s  to  1  and  with  crest  slightly  rounded. 
Bazin's  section  making  nearest  approach  to  this  was  series  No.  117, 
which  was  recognized,  however,  as  lsdng  only  an  approximation. 

•  ornell  I  niversity  experiment  No.  I  has  furnished  the  data  for  work- 
mgout  a  new  discharge  curve  applying  more  closely  to  the  conditions 
of  this  dam  than  the  original.  It  is  believed  that  the  revised  curve 
gives  the  true  discharge  over  this  dam  within  a  small  per  cent.  At  a 
deptli  of  2  feet  on  the  crest  the  discharge  by  the  revised  curve  is  9.8 
per  cent  less  than  by  the  original  curve. 

At  gauging  station  No.  .‘1  (plate  1<>9)  sections  A  and  C  on  profile  of 
crest  are  over  t he  tops  of  frames  holding  drop  boards  and  having  a 
cross  section  nearly  the  same  as  Bazin’s  series  No.  1 13.  For  the  main 
part  of  the  dam  series  No.  13o  has  been  used. 

•  >ii  referring  to  elevation  of  dam  on  plate  1 01*  it  will  be  seen  that  at 
the  right  hand  side  there  are  several  openings  in  the  bulkhead  when 
the  drop  boards  are  set  down  to  the  level  of  the  crest  of  the  dam. 

I  here  are  about  four  posts  in  a  distance  of  25  feet,  and  instead  of 
computing  the  discharge  over  the  thin  crest  and  deducting  the  posts, 
the  same  formula  as  applied  to  the  regular  crest  was  used  and  no 
deduction  made  for  the  space  occupied  by  the  posts.  In  very  high 
water  the  drop  boards  are  taken  out. 

The  revised  discharge  curve  for  this  dam  is  based  upon  Cornell 
I  niversity  experiments  Nos.  1  and  B *.  Flic?  necessary  explanations 
correlating  these  data  with  the  original  curve  may  be  obtained  from 
pi.  1«>'.».  The  discharge  at  depth  of  2  feet  on  the  crest  is  11.9  per  cent 
less  than  by  the  original  curve. 
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At  gauging  station  No.  4  (plate  110)  the  actual  cross  section  corre¬ 
sponds  closely  to  Bazin’s  series  No.  130  or  135.  The  new  curve  is 
based  upon  Cornell  University  experiment  No.  2.  At  a  depth  of  2 
feet  on  the  crest  the  revised  curve  gives  14.1  per  cent  less  than  the 
original. 

At  gauging  station  No.  G  (plate  111)  the  experimental  and  actual 
cross  sections  are  nearly  identical,  Bazin’s  series  No.  170  best  apply¬ 
ing.  The  revised  curve  gives  for  2  feet  head  on  the  crest  13.3  per¬ 
cent  less  discharge  than  the  original.  Cornell  University  experiment 
No.  7  lias  been  applied  in  the  revision. 

At  gauging  station  No.  7  (plate  112)  the  experimental  and  actual  sec¬ 
tions  agree,  Bazin’s  series  No.  130  being  used.  The  revised  curve  is 
based  upon  Cornell  University  experiment  No.  1,  the  discharge  at  2 
feet  head  being  13  per  cent  less  than  by  the  original  curve. 

At  gauging  station  No.  S  (plate  113)  there  are  several  sections  of  the 
dam  requiring  to  be  taken  into  account.  Thus,  section  A  is  over  a 
bulkhead  next  to  the  sawmill  on  the  right-hand  side.  Section  C  is 
over  a  portion  of  the  dam  with  broad,  flat  crest  similar  to  the  bulk¬ 
head,  while  D  is  a  flat-crested  section  connected  with  a  series  of  drops 
for  a  fishway.  B  is  the  spillway  of  the  dam  proper  and  has  a  section 
somewhat  similar  to  Bazin’s  series  No.  130.  The  revised  curve  is 
based  upon  Cornell  University  experiments  Nos.  12  and  1G.  Variation 
from  original  curve  at  2  feet  depth  on  crest  is  10  per  cent. 

At  gauging  station  No.  0  (plate  114)  the  experimental  and  actual 
cross  sections  are  almost  alike.  A  recomputation  of  flow  at  this  sta¬ 
tion  on  the  basis  of  the  Cornell  University  experiments  shows  an 
immaterial  correction.  The  revised  curve  varies  at  2  feet  depth  on 
crest  1.5  per  cent  from  the  original. 

At  gauging  station  No.  10  (plate  115)  the  actual  section  of  main  part 
of  dam  agrees  closely  with  Bazin’s  series  No.  130.  The  high-water 
discharge  over  the  bulkheads  was  computed  from  Bazin’s  series  No. 
115.  The  revised  curve  is  based  upon  Cornell  University  experi¬ 
ments  Nos.  1  and  12.  The  variation  at  2  feet  depth  on  crest  is  11.7 
per  cent. 

At  gauging  station  No.  11  (plate  116)  the  crest  is  flat,  as  shown,  with 
a  flat  apron  in  front.  Bazin’s  series  Nos.  117  and  141  were  the  near¬ 
est  of  an^x  The  Cornell  University  experiments  have  modified  the 
curve  for  this  dam  very  immaterially,  as  shown.  The  discharge  at  2 
feet  depth  on  crest  is  increased  1.7  per  cent  over  the  original. 

At  gauging  station  No.  12  (plate  117)  the  actual  section  agrees 
closely  with  Bazin’s  series  No.  170,  which  was  used.  As  this  station 
was  discontinued  in  March,  1899,  no  revision  of  discharge  has  been 
made. 

At  gauging  station  No.  13  (plate  118)  Bazin’s  series  No.  175  applied 
more  nearly  than  any  other. 

Inasmuch  as  the  Cornell  University  experiments  did  not  include 
H.  Doc.  149 - 41 
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any  section  applying  to  this  station,  no  revision  of  discharge  curve 
has  been  made.  Bazin's  series  No.  175  is  taken  to  cover  the  ease  of 
the  low  Mows  here  better  than  any  other. 

At  gauging  station  No.  14  (plate  119)  Bazin’s  series  No.  170  was  used. 
The  revised  curve  is  based  upon  Cornell  University  experiment  No. 
15,  on  the  Rexford  Flats  dam  with  rounded  corner.  At  2  feet  depth 
on  crest  the  revised  curve  shows  24  per  cent  less  discharge  than  on 
t he  original. 

At  gauging  station  No.  15  (plate  120)  the  dam  has  a  variable  section 
a  portion  of  it  being  tilled  with  paving  Isdiind,  as  shown  for  section 
at  A.  the  balance  of  the  dam  being  as  per  section  at  B  on  plate  120. 
The  sections  of  this  dam  were  experimented  on  at  Cornell  University 
and  a  new  discharge  curve  computed,  as  shown.  The  new  discharge 
curve  gives  8.8  per  cent  less  flow  at  2  feet  depth  on  the  crest  than  the 
original. 

At  gauging  station  No.  1*1  (plate  121)  the  crest  of  the  dam  is  ti  f**«*t 
wide  with  a  sIojm*  to  the  back  of  1  foot.  The  back  of  the  dam,  ntnmt 
17  feel  in  height,  is  vertical.  Bazin’s  series  No.  117  was  taken  as  best 
applying. 

Then*  should  have  been  an  experiment  at  Cornell  University  cover¬ 
ing  crests  and  rollerways  of  the  form  of  this  dam.  In  the  absence  of 
such,  the  revised  curve  has  been  based  upon  Cornell  University 
experiment  No.  13.  The  variation  in  the  two  curves  is  t>  pur  <*«*nt  at 
2  feet  dept  h  on  crest . 

At  gauging  station  No.  17  (plate  122)  Bazin’s  series  No.  BIO  agrees 
closely  with  the  actual  section  of  dam.  The  revised  discharge  curve 
is  based  upon  Cornell  University  experiment  No.  1.  The  variation 
in  the  discharge  at  2  feet  depth  on  the  crest  is  9.3  jH*r  cent. 

At  gauging  station  No.  is  (plate  123)  none  of  Bazin's  experiments 
absolutely  apply.  Series  No.  130  is  taken  as  closer  than  any  other  to 
the  main  part  of  the  dam.  while  tin*  flow  over  the  bulkheads  at  the 
sides  is  computed  from  series  No.  115.  Tin*  revised  discharge  curve 
is  based  upon  Cornell  University  experiments  Nos.  2  and  12.  The 
variation  at  2  feet  depth  on  crest  is  14  per  cent. 

At  gauging  station  No.  19  (plate  124)  the  dam  is,  as  shown,  very  flat, 
with  a  flat  apron  in  front.  Bazin's  series  No.  117  and  No.  197  were 
taken  as  best  applying.  A  recomputation  of  discharge  curve,  using 
the  Cornell  University  data  for  Rexford  Flats  section,  substantially 
verities  the  curve  adopted,  as  shown.  The  variation  in  the  two  dis¬ 
charge  curves  below  2  feet  depth  on  crest  is  practically  nothing. 
Above  2  feet  there  is  a  slight  increase. 

At  gauging  station  No.  2<>  (plate  125)  the  conditions  are  very  similar 
to  those  at  station  No.  19.  The  tilling  at  the  back  of  the  dam  makes, 
in  effect,  a  long,  flat  crest  on  the  upstream  side  with  a  flat  apron 
below.  Bazin’s  series  No.  117  and  No.  141  were  taken  as  best  apply¬ 
ing.  This  section  was  ex{M*rimeute<l  upon  at  Cornell  University,  with 
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the  result  of  substantially  verifying  the  original  computation.  The 
variation  in  discharge  curves  at  2  feet  depth  is  about  1  per  cent. 

At  gauging  station  No.  24  (plate  126)  the  actual  section  of  the  main 
part  of  the  dam  corresponds  closely  to  Bazin’s  series  No.  135.  There 
is  a  platform  at  an  angle  in  the  dam  to  which  Bazin’s  series  No.  115 
was  considered  to  fairly  apply.  The  revised  discharge  curve  is  based 
upon  Cornell  University  experiments  Nos.  2  and  12.  At  heads  of  2 
feet  on  the  crest  the  discharge  is  diminished  7  per  cent,  at  4  feet  it  is 
diminished  13.2  per  cent,  and  at  6  feet  13.6  per  cent. 

As  shown  in  the  foregoing,  the  result  of  the  Cornell  University 
experiments  was  to  show  that  the  discharges,  as  per  Bazin’s  series  No. 
130  and  No.  135,  are  much  too  high  for  the  hisdi  heads  necessary  to 
be  used  at  these  several  gauging  stations,  and  accordingly  all  of  the 
discharge  curves  into  which  series  Nos.  130  and  135  enter  materially 
are  considerably  reduced.  The  correction  is  only  small  for  low  heads, 
but  in  some  cases  for  high  heads  it  becomes  very  material.  Particu¬ 
larly  is  this  true  at  station  No.  14. 

In  order  to  illustrate  the  method  of  computation  used  for  obtaining 
the  flow  over  the  various  dams  we  may  refer  to  Schoharie  Creek  dam, 
as  shown  on  plate  124.  Table  No.  12A  shows  the  method  of  computing 
discharge  curve  for  this  dam,  the  coefficients  used  in  that  table  being- 
derived  from  Cornell  University  experiment  No.  14.  In  the  first  place 
the  zero  of  the  crest  gauge  is  at  elevation  90.68  feet.  The  crest  itself 
divides  into  a  series  of  sections,  with  elevations  reading  from  the  left 
hand  toward  the  right  hand  on  the  profile  (plate  124),  as  follows: 
For  a  length  of  61.4  feet  the  mean  elevation  is  91.02  feet;  for  a  length 
of  25  feet  the  mean  elevation  is  90.64  feet;  for  a  length  of  75  feet  the 
mean  elevation  is  90.77  feet;  for  a  length  of  250  feet  the  mean  eleva¬ 
tion  is  90.90  feet;  for  a  length  of  155  feet  the  mean  elevation  is  90.82 
feet;  and  for  a  length  of  20  feet  the  mean  elevation  is  91.01  feet. 
The  average  elevation  of  each  section  of  the  dam  having  been  obtained 
with  reference  to  the  elevation  of  the  zero  of  the  crest  gauge,  the 
depth  of  water  flowing  over  each  section  corresponding  to  a  series  of 
given  heads  or  readings  on  the  crest  gauge  was  deduced  and  shown 
in  the  first  line  of  Table  No.  19  relating  to  each  section.  Thus  for 
section  A  we  have,  in  column  (4),  the  head  on  section  A  in  feet,  and 
so  on  for  sections  B,  C,  I),  E,  and  F.  Following  this  for  each  section 
in  column  (4),  the  discharge  per  foot  of  crest  for  various  heads  extend¬ 
ing  from  0.2  foot  to  8  feet  is  given.  The  third  line  of  each  division, 
A,  B,  C,  etc.,  gives  total  flow  over  section  for  the  various  heads  up  to  8 
feet.  The  summation,  as  given  at  the  bottom  of  the  table,  represents 
the  total  flow  over  this  dam  in  cubic  feet  per  second  from  0.2  foot  up 
to  8  feet,  the  range  being  from  26  cubic  feet  per  second  to  40,783  cubic 
feet  per  second.  The  discharge  curve  on  plate  124  has  been  derived  by 
plotting  the  final  footings  of  Table  No.  12A  with  heads  on  crest  in  feet 
as  ordinates  and  discharge  in  cubic  feet  per  second  as  abscissas. 
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I  able  N<>.  12A  illustrates  tin*  method  used  in  computing  all  the  dis¬ 
charge  curves,  plates  107  to  IlT.,  inclusive. 

I  *.v  way  of  illustrating  the  great,  variations  of  discharge  over  several 
of  ,{a/ins  weirs,  which  are  especially  applicable  to  our  gauging  sta- 
t  ioiis,  plate  1-8  has  l>een  prepared,  whereon  are  given  discharge  curves 
for  Francis's  formula  in  comparison  with  Bazin's  series  Nos.  117.  ].{0, 
14.r>,  1  170,  and  174,  together  with  a  table  showing  the  discharges 

P1  *  lineal  toot  ot  crest  as  per  l>azin  for  these  several  weirs 

On  plates  107  to  126,  inclusive,  we  have  given  discharge  curves  for 
each  gauging  station  for  heads  on  the  crest,  in  feet,  from  0  ud  to  4 
feet.  1 


[Discharge  coefficients  are  from  Cornell  University  experiment  No.  It.  ] 
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Description  <>f  Bazin's  Experiments  on  Weirs  of  Irregular 

(  Knss  Section. 

The  following  chapter  lias  I translated  from  Bazin's  pa jkt  in 
Annales  des  Pouts  «*t  ('haussecs  for  1S!*H. 

Wo  will  now  consider  weirs  in  which  the  hack  and  front  faces, 
instead  of  1  icing  vertical,  have  a  hatter  of  greater  or  less  inclination. 
The  conditions  of  discharge  will  he  found  to  he  greatly  modified. 
The  hatter  on  the  upstream  side  tends  to  diminish  the  contraction  in 
passing  over  the  crest  and  lienee  to  increase  the  discharge.  The 
influence  of  the  downstream  hatter,  on  the  other  hand,  is  not  always 
constant,  hut  varies  according  to  the  degree  of  inclination.  If  the 
downstream  face  is  not  far  from  vertical,  the  nappe  adheres  to  it  for 
small  discharges,  hut  becomes  detached  at  a  certain  head  and  then 
follows  the  condition  described  as  wetted  underneat h,  analogous  to 
that  which  we  have  studied  for  squaro-timlicr  weirs.1  If,  on  the  con¬ 
trary,  the  hatter  i>  nearly  horizontal,  the  nappe  docs  not  detach  itself, 
but  remains  in  contact  with  the  face  of  the  weir  under  all  heads.  The 
discharge  may,  however,  vai  y  great  ly,  according  tot  he  degree  of  incli¬ 
nation  of  the  face.  <  >n  the  other  hand,  the  influence  of  the  width  of 
the  crest  is  considerable,  as  we  have  seen  in  the  ease  of  weirs  formed 
of  square  t imilers. 1  1  ience  a  weir  with  a  \\  ide  crest  and  inclined  faces 

may  present,  a  large  variety  of  results,  each  type  having,  so  to  speak, 
its  own  sjM*eial  scale  of  coefficients.  Such  a  study  to  he  complete 
must  include  a  very  considerable  number  of  particular  cases.  With¬ 
out  embracing  all  possible  cases,  the  experiments  have  been  somewhat 
numerous.  They  include  weirs  with  different  degrees  of  hatter  on 
the  front  and  hack  faces  and  having  sharp  crests,  on  the  one  hand, 
and  on  the  other,  crests  0. 10,  0.20,  and  »».4<>  meter  in  width  (0.328, 
0.050,  and  1.312  feet,  respectively). 

Some  addit  ional  experiments  have  been  made  on  weirs  having  crests 
joined  to  the  inclined  faces  by  curved  surfaces,  and  finally  weirs  have 
been  ex jHM-imented  upon  having  completely  curved  profiles. 

We  may  divide  the  numerous  series  of  experiments  into  five  groups, 
namely : 

(1)  Weirs  so  nearly  vertical  on  the  downstream  side  that  the  nappe 
remains  detached. 

(2)  Weirshaving  the  upstream  face  vertical,  or  nearly  vertical, 
hut  with  a  batter  on  the  downstream  face  so  nearly  horizontal  that 
the  water  always  remains  in  contact. 

(3)  Weirs  both  faces  of  which  are  at  an  inclination  differing  from 
the  horizontal  by  less  than  45°. 

(4)  Weirs  in  which  the  crest  is  joined  to  the  inclined  faces  by 
curved  surfaces. 

(.r»)  Weirs  having  completely  curved  profiles. 


1  See  the  preceding  articles  in  this  series. 
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We  have  indicated,  as  in  the  case  of  inclined  sharp-crested  weirs, 
the  degree  of  batter  by  a  fraction  such  as  3/2,  in  which  the  numerator 
represents  the  vertical  height  corresponding  to  the  width  of  base  indi¬ 
cated  by  the  denominator.  The  fraction  3/2  thus  indicates  a  batter 
having  a  vertical  rise  of  3  and  a  horizontal  run ’of  2,  that  is  to  say, 
3/2  equals  the  tangent  of  the  angle  between  the  plane  of  the  base  and 
the  horizontal. 

FIRST  GROUP. — WEIRS  HAVING  THE  DOWNSTREAM  FACE  VERTICAL, 

OR  NEARLY  VERTICAL. 

This  group  includes  ten  series  of  experiments,  the  results  of  which 
differ  notably  according  to  the  inclination  of  the  batter  and  the  width 


of  the  crest.  The  values  of  the  coefficient  (  —  ),  which  have  been 


obtained  for  sharp-crested  weirs  have  been  compared  with  those  cor¬ 
responding  to  nappes  wetted  underneath  with  sharp-crested  weirs. 
Similarly  we  may  conveniently  compare  the  values  obtained  for  weirs 
with  crests  0. 10  and  0.20  meter  wide  (0.328  and  0.650  feet,  respectively) 
to  those  for  flat-crested  beam  weirs  of  the  same  width  in  the  accompa¬ 
nying  table  No.  13. 1  The  coefficients  have  been  made  to  follow  a 
uniform  law  by  plotting  the  immediate  results  of  the  experiments  in 
such  a  manner  that  the  head  h  represents  the  abscissa  and  the  ratio 


^  the  ordinate  of  a  point  representing  one  of  the  experiments. 

A  mean  curve  has  been  drawn  by  the  aid  of  these  points,  and  from 


taken,  corresponding,  roundly,  to  abscissas  of  0.10  meter,  0.15  meter, 
etc.  (0.328  foot,  0.656  foot,  etc.).  All  the  experiments  terminate  with 
nappes  wetted  underneath;  but  the  discharge  for  these,  as  well  as  for 
depressed  and  adhering  nappes,  is  shown  in  the  table,  the  nature  of 
the  nappe  in  each  case  being  indicated  in  the  proper  column.  If  we 
consider,  first,  sharp-crested  weirs,  we  perceive  that  the  appearance 
of  the  wetted  nappe  is  preceded  by  the  depressed  nappe,  imprisoning 
air  between  its  under  surface  and  the  body  of  the  weir,  excepting  in 
the  case  of  a  weir  with  a  face  batter  of  3/2,  which  permits  the 
formation  of  an  adhering  nappe.  When  once  the  wetted  nappe  is 
established,  its  coefficient  does  not  differ  greatly  from  that  for  a  sharp- 
crested  weir,  excepting  in  the  cases  where  the  batter  on  the  back  is 
3/1  and  3/2,  when  it  is  greater.  For  weirs  with  flat  crests  0.10  meter 
(0.328  foot)  wide  the  adhering  form  of  nappe  appears  when  the  up¬ 
stream  face  has  a  batter  of  3/1  or  3/2.  The  ratio  is  also  modified, 

however,  by  adherence  of  the  water  to  the  flat  crest.  At  the  moment 
when  this  adhesion  ceases  the  coefficient  diminishes  suddenly  about 

'  See  p.  159,  Annales  des  Ponts  et  Chaussees.  "d  Trimestre.  18JR 
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10  per  cent.  This  has  taken  place  in  tin*  t wo  series  Nos.  l.Xi  ami  T14, 
where  the  upstream  faee  is  vertical.  In  the  other  series  the  head  has 

not  been  sufficiently  large  t « »  detach  the  nappe,  and  the  . . fHeient 

remains,  in  those  experiments,  greater  in  value  than  it  would  be  for 
a  l>eam  weir,  in  which  the  nappe  has  liecomc  detached  before  the 
given  head  is  attained. 

Only  one  scries  of  experiments  lias  been  made  on  weirs  with  crest 
0.20  meter  ( « t. ♦;.■»♦;  foot )  wide,  the  downstream  faee  being  vertical  and 
that  on  the  upstream  side  having  a  batter  of  1  2.  In  accordance 
with  the  increased  width  of  crest,  the  wetted  nappe  does  not  appear 
until  ipiite  late  and  with  a  coefficient  notably  diminished.  It  is  clear 
that  more  extended  experiments  would  have  led  in  all  cases  to  results 
differing  in  a  similar  manner  from  t  hose  for  crests  o.lo  meter  in  \vidt  h. 
Without  going  further  we  may  say  that  on  a  weir  having  the  down¬ 
stream  face  nearly  vertical  the  wetted  form  of  nappe  always  appears 
when  a  certain  head  has  been  attained.  This  limiting  head  varies 
with  the  inclination  of  the  front  and  back  laces  and  is  never  the  same 
as  that  which  correspond'*  to  detachment  of  the  nappe  from  the  flat 
crest,  which  also  influences  tin*  value  of  the  coefficient.  Each  type 
of  weir  requires  a  special  study,  and  in  view  of  the  complexity  of  the 
conditions  involved  it  is  impossible  to  establish  a  general  formula  for 
the  discharge  coefficient 

SECOND  GROUP — FACE  OF  THE  WEIR  ON*  THE  I  I “STREAM  SIDE  VER¬ 


TICAL  OR  NEARLY  VERTICAL. 


Considering  now  the  case  where,  in  contradistinction  to  the  first 
group,  the  back  is  nearly  vertical  and  the  downstream  face  has  a  eon- 


foot,  etc.).  Forshnrp-crestcd  weirs  with  the  upstream  face  vertical  the 


ratio 


)  is  nearlv  constant  for  each  series,  the  mean  values  being 

in  J 


1.1.1,  l.o:t,o.9U,  and  0>4  for  batters  on  the  downstream  of  l  1,  1  2,  1  5, 
and  1  10,  respectively. 

Where  the  upstream  face  has  a  batter  of  .‘1  1  or  2  1,  it  produces,  as 
we  have  already  seen,  an  increase  in  the  value  of  the  coefficient  of  a 
few  percent.  Turning  to  the  experiments  on  weirs  with  crests  0.10, 
o.2o,  and  0.40  meter  (0.32#,  0.i»5(»,  and  1.312  foot,  resjiectively)  in 
width,  it  may  lx*  seen  that  the  coefficients  increase  with  the  head, 
series  No.  143  only  showing,  for  the  final  values,  a  rapid  diminution, 
proving  that  the  nappe  has  become  detached.  It  is  necessary,  in  fact, 
in  order  that  the  nappe  shall  become  detached,  that  the  head  shall  be 
greater  in  proportion  as  the  width  of  the  crest  becomes  greater  and 
the  slope  of  the  downstream  face  more  gentle.  This  limit  has  not,  in 
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general,  been  readied  in  the  experiments,  and  the  nappes  remain 
attached  to  the  crests,  excepting  for  series  No.  143  (batter  on  the 
downstream  side  1/1),  where  the  detachment  of  the  nappe  leads  to  a 
diminution  of  the  coefficient  ratio  from  1.21  to  1.14.  The  next  series, 

No.  144,  indicates  also  a  slight  tendency  for  the  ratio  (  r"~  )  to  decrease, 

\m'  J 

the  batter  here  being  1/2.  This  tendency  entirely  disappears  where 
the  slope  of  the  downstream  face  is  not  greater  than  1/3  or  1/4. 
Omitting  the  results  for  the  relatively  small  heads  of  0.10  meter 
((>.328  foot)  or  less,  where  there  are  some  irregularities,  the  incre¬ 
ments  of  the  coefficient  ratio  (  m,  )  for  heads  from  0.10  meter  (0.328 

V»7 

foot)  to  the  limits  of  the  experiments  are  given  below  for  each  series, 
in  comparison  with  the  results  for  a  weir  with  a  crest  0.10  meter  in 
width  (0.328  foot),  series  Nos.  133  and  134,  and  with  those  for  flat- 
crested  weirs,  0.40  meter  (1.312  feet)  and  2  meters  (6.56  feet)  in 
width,  series  Nos.  113  and  115.  The  comparison  made  in  this  table 

shows,  (1)  that  for  the  same  width  of  crest  (  —  )  diminishes  when  the 

\jn  J 

inclination  of  the  downstream  face  is  gradually  diminished  below  45°; 
(2)  that,  other  things  being  equal — that  is  to  say,  for  the  same  batters 

the  two  faces  in  each  case — the  ratio (  u< ,  }  diminishes  when  the 

\m  J 

width  of  the  crest  is  increased.  Table  No.  15  gives  a  resume  of  this 
group. 

THIRD  GROUP — BATTER  ON  THE  UPSTREAM  AND  DOWNSTREAM  FACES 
VERY  GENTLE,  NOT  EXCEEDING  45°. 

Weirs  encountered  in  practice  do  not  often  have  nearly  vertical 
faces  liko  those  we  have  been  considering,  but  have  slopes  inclined 
45°  or  more  from  the  vertical.  Such  weirs  have  been  made  the  sub¬ 
ject  of  the  following  experiments,  in  which  slopes  of  1/1  and  1  2  on 
the  upstream  side  have  been  combined  with  slopes  of  11,12,  and 
1  5  on  1  he  downstreaih  side  for  three  different  widths  of  crest.  Tables 
Nos.  16  and  17  give  a  resume,  in  a  succinct  form,  of  the  general  trend 

of  the  values  of  the  ratio  /  )  in  the  different  series.  Each  case  in 

\m  J 

the  three  tables  corresponds  to  one  of  the  six  possible  combinations 
of  the  batters  1  1  and  1  2  on  the  upstream  side,  with  the  inclinations 
1  1,  1  2,  and  1  5  on  the  downstream  face.  The  numerical  factors 

given  are  the  values  to  the  nearest  0.005  of  the  coefficient  ratio  / 


on 


m 


for  heads  of  0.10,  0.20,  0.30,  and  0.40  meter  (0.328,  0.656,  0.984,  and 
1.312  foot),  respectively.  In  order  that  the  results  given  in  the  tables 
should  be  strictly  comparable,  we  have  omitted  series  No.  171  (batter 
on  the  downstream  face  13)  and  series  Nos.  176  and  178,  which  were 
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executed  on  a  weir  0.75  meter  (2.4*1  feet)  in  height.  The  values  of 

(  ,  )  decrease,  as  usual,  when  the  width  of  crest  is  increased,  while 

\w  ) 

as  regards  the  inclination  of  the  two  faces  it  is  easily  seen  that  the 
influence  of  the  hatter  on  the  downstream  side  is  much  the  more 
important. 

In  most  oases  the  ratio  (  )  increases  with  the  head,  hut  in  order 

V  m  / 

to  investigate  more  fully  the  changes  in  value  of  (  \  it  is  neces- 

m  > 

sarv  to  consider  separately  the  ease  of  sharp-crested  weirs  as  distin¬ 
guished  from  those  with  wide  crests. 

SHARP-CRESTED  WEIRS. 

Jiathr  1  1  on  (loH'nst  rf  aw  siile. — The  coefficient  ratio  (  )  decreases 

V  m  / 

as  the  head  h  increases  from  almve  1.20  for  very  slight  heads  1  < »  1.11 
or  1.12  f«*r  the  largest  head.s  used.  Its  value  is  sensibly  the  same  for 
the  two  hatters  of  1  1  and  1  2  on  the  haek.  The  rate  of  decrease  is 
not  uniform,  being  very  gradual  to  h  =0. .40  meter  (0.‘*S4  foot),  beyond 
which  it  changes  rapidly,  without  doubt  due  to  the  detachment  of  the 
nappe. 

Hath/  1  Jon  tin  dotrnutnam  salt . — Instead  of  decreasing  as  the 

head  increases,  (  )  increases  slowly  in  value  between  the  limits 

\m  / 

1. 10  and  1.13,  its  value  lieing  nearh  the  same  for  the  two  batters  on 
t he  back  of  1  1  and  1  2. 

Hath  r  1  ■'  on  tin  iloirnst  n  a  in  salt .  In  this  case  the  coeflicieiit  ratio 
is  nearly  independent  of  /i,  decreasing  from  I. *115  to  l.i^Mt  fora  batter 
on  the  back  of  1  1,  and  from  1.045  to  1.035  for  a  batter  on  the  back 
of  1/2. 

WEI  IIS  HAVING  eUK.sTs  0.10  ANI>  **.V.*<»  METER  (0.:J>’S  \NI»  0.IIV1  FOOT  i  IN  WIDTH. 

The  coefficient  always  increases  wit  h  the  head,  but  the  limits  liet  ween 
which  this  increase  takes  place  differ  in  each  case.  If  it  were  pos¬ 
sible  io  increase  the  head  indefinitely  and  at  tin*  same  time  the  height 
of  the  weir,  t  lie  cuml  it  ions  of  discharge  would  approach  progressively 
those  fora  sharp-crested  weir,  the  width  of  the  crest  becoming  more 
and  more  negligible,  relative  to  the  general  dimensions  of  the  dam. 
The  series  of  coefficients  relating  to  crests  of  a  given  width  can  not 
be,  with  certainty,  extended  beyond  the  experimental  limits  between 
which  they  were  obtained.  If,  however,  the  curves  representing  the 
coefficients  were  sufficiently  prolonged,  they  would  converge  toward 
those  which  correspond  to  a  sharp-crested  weir,  with  vertical  faces. 
The  batter  on  the  back  determines  the  direction  of  the  ti  la  incuts  which 
constitute  the  inferior  surface  of  the  nappe  ami  influences  thus  the 
contract  ion  at  the  inner  edge  of  crest,  and  lienee  also  the  discharge. 
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The  hatter  on  the  downstream  side,  on  the  other  hand,  affects  the 
pressure  underneath  the  nappe. 

When  the  width  of  the  crest  is  not  negligible,  the  inclination  of  the 
downstream  face  determines  the  limiting  head  at  which  the  nappe 
detaches  itself  from  the  crest  and  at  which  point  the  conditions  of 
discharge  change  suddenly.  This  limit  depends  also,  in  a  certain 
measure,  on  the  velocity  of  approach,  or,  which  amounts  to  the  same 
thing,  on  the  ratio  of  the  head  h  to  the  height  p  of  the  weir.  A  com¬ 
plete  formula  should  include,  in  addition  to  the  slopes  of  the  two 

faces,  the  two  ratios  —  )  and  (  ^  where  c  is  the  width  of  the  flat 

portion  of  the  crest.  Such  a  formula  would  be  excessively  complicated. 

FOURTH  GROUP — THE  TWO  FACES  UNITED  BY  A  CURVED  SURFACE 

AT  THE  CREST  OF  THE  WEIR. 

Seven  types  of  weirs  were  experimented  on  with  a  view  to  deter¬ 
mining  the  effect  on  the  discharge  of  joining  the  two  faces  of  the  weir 
by  a  curved  surface,  the  slopes  used  being,  on  the  upstream  side,  very 
nearly  vertical  (5/1),  and  on  the  downstream  side  from  1/5  to  1/5, 
the  upstream  edge  of  the  crest  being  rounded  to  an  arc  of  0.05,  0.10, 
or  0.20  meter  (0.104,  0.328,  or  0.656  foot)  radius. 

Table  No.  18  contains  the  values  <>t’  (  )  given  by  these  series,  for 

heads  of  0.10,  0.20,  0.30,  and  0.40  meter  (0.328,  0.656,  0.984,  and 
1.312  foot),  in  comparison  with  those  previously  obtained  from  weirs 
having  faces  at  the  same  slope  and  with  crests  0.10  and  0.20  meter 
(0.328  and  0.656  foot)  in  width.  Series  Nos.  145,  146,  153,  155,  and 
156. 

Types  Nos.  (1)  and  (2)  differ  only  in  regard  to  the  radius  of  curva¬ 
ture  of  the  back  edge  of  the  crest,  this  being  0.05  meter  (0.164  foot) 
for  the  first  and  0.10  meter  (0.328  foot)  for  the  second.  The  radius 
of  0.10  meter  increases  the  discharge  slightly  more  than  that  of  0.05 

meter,  though  the  difference  is  unimportant,  but  the  values  of  [ 

in  both  cases  considerably  surpass  those  which  have  been  obtained 
for  similar  weirs  with  the  two  faces  united  by  flat  crests  o.  10  and  0.20 
meter  (0.328  and  0.656  foot)  in  width.  Series  Nos.  145  and  153. 
Types  Nos.  (3)  and  (4)  are  similar  to  types  Nos.  (1)  and  (2)  except 
as  regards  the  inclination  on  the  downstream  side,  which  has  been 
reduced  from  1  3  to  1/5.  This  conduces  to  equalize  the  values  ot  //?, 
which  differ  relatively  little  from  each  other,  although  the  values  are 
sensibly  less  at  the  same  heads  than  those  for  types  Nos.  (1)  and  (2), 
and  yet  somewhat  greater  than  for  weirs  with  flat  crests  0. 1<>  and  0.20 
meter  (0.328  and  0.656  foot)  in  width.  Series  Nos.  145,  155,  and  156. 

Types  Nos.  (5)  and  (6)  differ  only  by  the  radius  of  curvature  at 
the  back,  which  is  0.10  and  0.20  meter,  respectively,  the  crest  being 
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wider  than  in  tin*  preceding  ca^'s.  ’Tin*  value  of  m  is  somewhat  less 
than  l>efore,  not  differing  greatly  from  that  which  corresponds  to 
types  Nos.  (3)  and  (4). 

The  width  of  the  crest  is  still  further  increased  in  type  No.  (7),  the 
length  of  the  rectilinear  section  between  the  origins  of  the  two  curved 
surfaces  being  0.20  meter  (n.656  foot).  This  modification  produces  a 
sensible  diminution  in  the  value  of  m. 

FIFTH  GROUP — WHIRS  WITH  COMPLETELY  CURVED  PROFILES. 

We  turn,  finally,  to  the  consideration  of  weirs  having  completely 
curved  profiles.  The  coefficient  ;//  then  attains  exceptionally  high 

values.  The  values  of  the  ratio  (  )  for  the  six  series  of  exj>eri- 

ments  are  collected  in  Table  No.  19.  'Types  Nos.  (1)  and  (2),  having 
vertical  downstream  faces,  permit  of  the  formation  of  nappes  wetted 
underneath.  The  corresponding  coefficients  are  much  higher  than 
for  the  analogous  case  with  a  sharp-crested  weir. 

'Types  Nos.  (3)  and  (4)  have  crests  which  differ  only  in  the  radii  of 
curvature  of  the  curved  surfaces,  being  0.05  and  0.OK  meter  (0.164 

and  0.1*624  foot),  . . lively,  for  type  No.  (3),  and  0.10  and  0.12 

meter  (0.32*  and  0.3R36  foot),  rcsjiectively,  for  type  No.  (4).  The 
crest  in  this  latter  case  is  much  larger,  and  the  coefficient  m  is.  as  a 
result,  notably  less  for  heads  up  to  0.30  meter  (0.984  foot),  but  it  is 
not  the  same  beyond  this  point,  for  the  concave  form  of  type  No.  (3) 
tends  to  produce  detachment  of  the  najipc,  and  the  coefficient  for  this 
type  continues  to  diminish  from  this  point,  becoming  less  than  for 
type  No.  (4),  in  which  the  coefficient  increases  for  all  heads  within 
the  limits  of  the  oxjierimouts. 

Types  Nos.  (5)  and  (6)  trive,  in  spite  of  the  difference  of  their  pro¬ 
files,  nearly  identical  coefficients.1 

See  Annales  des  Pouts  et  Uhaussees,  Meinoires  et  Documents,  Jd  quarter,  lsyy, 
pp.  151  to  194.  inclusive. 


DEEP  WATERWAYS. 


653 


o 

*cO 


Ho 

CO 

r^o 

|S 


©> 


- 

$ 

£ 


§ 

o 

*ro 

1n> 

©) 

s  -hi 

§  i 


■g  re 
S  8 

Sre 


O  q5 
^  $© 
s  £ 

H*.  HO 
-  ^ 

•r4  s 


** 

HO 

£ 

©) 

©> 


^>*|  <©>' 
2  C 
©  I  ©> 


O 

05 


co 

s^ 


o 

v©> 

s 

oc 

•W 

a; 

I 

eo 


O 

£ 

W 

J 

m 

■< 

H 


?- 1  © 

J2 
©  > 
a* 


© 

'C 


© 

© 

H3 

© 

G 


co 

© 

U 

o 


i.O 


i  -O' 

,-®S 


’©  ~ 


^  Is  © 
-C-C 


w  ».© : 

.  X  ro  - 

=c  N^C 


o  *c  o  co 

:§888 


^  ^  55  *H  ~ 


©  £ 


S  > 


5  *.  5  -+  fa  5  ?:  -c  !c 

X  ^  .  *  .  .  .  .  . 


© 


8  . » 

^  (H  -  ©£4  — 

2  M  •* 

'S  p'i;$os 
3  ®  £  —  -£  ’$. 
z  ='3 


®  °5  $  ®  5  ??  S  9S  ‘-5 

g  iXXCHHHQ 


W 


8 


T3 

G 

ce 

8 


05 

© 

© 

T3 

© 

mb 

c 

cfi 

P. 

M 

ce 

G 

CO 


8 


Vi 


C'{ 


© 

CO 


©  01 

>  w 


cS 

© 

•40 

© 

> 


"G  .»CO»CiC^OC 
£  ^XCi-r-H^C 

5. 3*  «  ® 


.  c  1C  »c  »c  c  >o  © 
«on2X^«©5 
^XCChhhO 


g,  e  « 


w 

eo 


*8 


O  .OpiOQOQ. 
©  X  ^  01  x.  CO  i-  ^  - 
g ^aocHHHr 

©  S“0  H-Hr-J^;^- 

Ph  §  « 


.OOlOiflCOie 
1  Xf—t-^Xr-HCO^-f 
^OOOriHHH 


nC"  " 


U 

© 


.  »C  iC  iffl  O  iC  »o  c 

sssliSss 

g  n 

s 


G  .omiccciec 
©  (cCIoX^HH *7^ 

=c  ©  o;  o  c *— 1 1—  *-h  t— t 


Ji.  C  « 
©  si 


|  g§sS§^§§§ 


©  ooSS8$S»§S 


fc.  . 

©  1-1 
£>  CO 


Sac 

S.C 

V  ~ 

Q 


ce 

© 

•lo 

© 

> 


©  .iCidiOCCiOQ 
©  crj^xaXXHW 


P.C 

©  s 

Q 


eg 

#© 

'•p 

u 

© 

> 


^  -iQOO»OCOiO 
©  tomxxH-ix  *,b 

X  ©OCrHr-^^-iOO 

X  . 

©  PV— •  r— t  »-H  i-H  r— I  «-0  r— I 

©  Os  _ 

Q.  Q  n 


a  a 


■*-  00  Oi  ®  C  CO  Ol 
*eia>c?ixH<-< 
^COH'OXOiHW 

^doodcHH 


rotc.^ 

nJ  £  © 

0)  %  tf 

w 


©  G 
©  c3 


3  c« 

^  * 

P  © 

CT5 
fP  G 
03  G 

'c  'G 
a> 

*U  -40 

Ct 

©  ©  -*f 

»P  ^  © 

03  d  ^ 

■p»  G  o 

ci  fH  .*-* 

®  °'S'^ 

2®<23 

°532^ 

2o-« 

-U  tii-H  «M 

£  .5  **H  P 

G  ©  rrt 

S'Z'vti 

£  S  ce  © 
«*_j  G  ©  'P 

lo^ 
«  ce  ©a 
£  cn  ce 
^  G  ^ 

©  ce  ^  w 
,G_2  oo  ® 
o  ©  G 
ce  cx  ^  ° 

&§  a's 

ce  G  c  g 
a~*'a 


"■  ce 


'C  ©H-!  ^ 
©  ^  r 
+a  ©  ®  © 
-*j 

5*3  S  © 
^  ce5  ft 

©  ®  ©  Pi 

•P  jg  'g  ce 


CQ 


© 


-p> 

8 


•x> 

cc 

X 


G 

O 

ce 


T3 

ce 

© 

.G 


© 


©a 
.  ce 
G  co 
-*j  © 
ce  tfl 
®  G 
p  ce 
^  G 

•”  -S  “ 

os  'eP  _ 

in  C  ® 

n«5fl 
5  ®  ^  p. 

„  ft-O  ce 
co  C  ©  o 

CO  I* 

CO  ^  ©  o 
©  ©  P.<4-» 

©G  Cm  © 
ceT3  «5g 


Table  No.  14. — Second  group.  Increments  of  the  coefficient  ratio  (  ^  j  for  heatl s  varying  from  O.W  meter  (0*3**  toot)  to  the  limits  of  the 

experiments . 
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Table  No.  15. — Resume  of  the  second  group.  Weirs  with  the  upstream  face  vertical  or  nearly  vertical.  Values  of  the  ratio 

in  __coefficient  for  experimental  weir 
m'  coefficient  for  standard  weir 
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ni  coefficient  for  e.rjjerinieiital  ireir 
m  ~  coefficient  far  Hta  mlanl  ireir 


Batter  on  the  upetream 


Head, 
in  foot. 


Height  of  ox  peri- 
men  t  a  1  weir,  0.50 

meter  (1.64  feet). 
Hatter  on  the  down- 
Mtreain  faee. 


Sharp-erented  weir. 
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1  5 

1  5 . 

iucreaee*  with 

m 

the  head. 


From  0.8MI  to  1  inn 
From  d  itto  to  1  130 
From  0.815  to  1  135 
From  0.  tttd  to  1  115 
From  o  875  to  1  Utt 
From  o  Ptfi  to  I  old 


inereaaeM  with 

,,, 

the  head. 


From  0. 875  to  1.006 
From  0.  Mtt  to  1  060 
From  o.  875  to  l.ifiS 
From  o.«tt  to  1  060 
From  0.865  to  0.870 
From  0.885  tod  t«n0 
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Table  No.  18. — Resume  of  group  four, 
surface,  slurwing  values  of  the  ratio 


The  tiro  faces  of  the  weir  joinedby  a  curved 
m  _  coefficient  for  experimental  weir 
m'  coefficient  for  standard  weir 


Batter  on  the  downstream  face  1/3.  Batter  on  downstream  face  15. 


Upstream  edge  of  crest  rounded 
by  a  circular  arc  having  a  ra¬ 
dius  in  feet  of — 

Crest  not 
rounded; up 
stream  face. 

Crest  round¬ 
ed  by  a  cir¬ 
cular  arc 
having  a  ra¬ 
dius  in  feet 
of— 

Crest  not  round¬ 
ed;  upstream 
face  of  weir. 

Radius . 

0. 164 

0.328 

0.328 

0. 650 

( ).  (556 

Yerti- 

Bat- 

0.104 

0.328 

Verti- 

Verti- 

Bat- 

cal. 

ter  2/1. 

cal. 

cal. 

ter 

Type  number  . 

i 

O 

rV 

5 

6 

7 

Crest 

Crest 

3 

4 

Crest 

Crest 

ni  i. 

0.828 

0.656 

0.328 

0.656 

0 1  es  t 

foot 

foot 

foot 

foot 

wide. 

wide. 

wide. 

wide. 

loot 

wide. 

Serial  number 

182 

183 

180 

187 

188 

115 

153 

184 

185 

14ti 

155 

156 

0. 910 

0. 955 

0. 890 

0.910 

0. 870 

0. 850 

0.  795 

0. 890 

0.910 

0. 825 

0. 785 

0.805 

111  li>  /•Fii 

|0.656 

0. 985 

1. 005 

0. 925 

0. 950 

0. 885 

0. 900 

0. 890 

0. 935 

0. 900 

0.890 

0.830 

0.870 

feet---io.9S4 

1.040 

1.055 

0.900 

0. 985 

0. 905 

0. 985 

0. 950 

0. 975 

0.990 

0.905 

0.  880 

0.920 

1 1.312 

1.000 

1.080 

0.985 

1.005 

0. 930 

0. 980 

0. 990 

0. 995 

1.010 

0.905 

0. 900 

0.940 

Table  No.  19. — Resume  of  group  five.  Weirs  with  completely  curved  profiles. 
Values  of  the  ratio  ffL^oe^ieHtfor  experimentdl  weir 
m  coefficient  for  standard  weir 


Type  number  . . 

1 

2 

3 

4 

5 

6 

Serial  number  . . . 

189 

190 

191 

192 

193 

194 

(0.  328 

a  1.125 

a  1.150 

1.135 

1.060 

1.040 

1.060 

0. 492 

1.210 

1.240 

1.210 

1  130 

1.125 

1. 130 

Head,  in  feet . . ...• 

0. 650 
0. 820 

1.270 

61.280 

1.310 

61.320 

1.245 

1.285 

1.180 

1.225 

1.175 

1.230 

1.180 

1.230 

0. 984 

1.265 

1  290 

1  275 

1.260 

1 . 260 

1.245 

[1. 148 

1.240 

1.235 

1.240 

1. 285 

1.250 

1. 240 

a  Adherent  nappes.  6  Nappes  wetted  underneath. 


General  .Resume  of  Bazin’s  Experiments.* 1 
This  chapter  lias  also  been  translated  from  Bazin’s  final  paper  in 
Annales  des  Fonts' et  Chaussees  for  1898. 2 

1  Memoires  et  Documents,  1898,  pp.  219-228,  inclusive. 


J  MATHEMATICAL  SYMBOLS  USED. 

Bazin's  formulae  have  been  changed  so  as  to  make  English  measures  applicable 
by  the  introduction  of  a  conversion  factor  when  necessary.  The  mathematical 
symbols  are  as  follows: 
h  —  head  on  crest  of  weir,  in  feet. 
u  mean  velocity  in  channel  above  the  weir,  in  feet. 
a  =  a  constant  (replaces  a,  used  by  Bazin). 

K  =  a  constant. 

g  —  acceleration  of  gravity,  =82.2. 

I  =  length  of  crest  of  weir,  in  feet. 

n  —  a  constant  (replaces  ju ,  used  by  Bazin). 

p  =  height  of  crest  of  weir  above  bottom  of  channel,  in  feet. 

m  =  coefficient  of  discharge  over  a  given  weir. 

m'=  corresponding  coefficient  for  a  standard  weir. 

Q  =  discharge,  cubic  feet  per  second. 

Jg  =  difference  of  elevation  of  crest  of  weir  and  of  water  on  the  downstream  side, 
in  feet,  when  the  latter  is  below  the  crest  of  the  weir. 
he  =  difference  of  elevation  of  crest  of  weir  and  of  water  on  the  downstream  side, 
in  feet,  when  the  weir  is  drowned, 
c  =  width  of  crest  of  a  flat-crested  weir,  in  feet. 

R  =  radius  of  curvature  of  a  weir  rounded  at  the  back,  in  feet. 

£  =  li—hv,  in  feet. 

H.  Doc.  149 - 42 
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CLASSIFICATION  OF  THE  DIFFERENT  SPECIES  OF  NAPPES. 

When  water  is  discharged  through  a  submerged  orifice,  it  is  well 
known  that  the  discharge  Q  varies  according  to  the  nature  of  tin*  ori¬ 
fice.  The  coefficient  m  in  the  formula  Q—mcV'-igh  must  lx*  deter¬ 
mined  for  each  part  icular  case.  This  coefficient  varies,  however,  only 
within  relatively  narrow  limits. 

The  conditions  in  the  ease  of  a  weir  are  much  more  complex.  The 
influence  of  the  shape  (width  of  the  crest,  degree  of  inclination  of  t lie 
upstream  and  downstream  faces  of  the  weir,  ele. )  always  enters,  but 
other  factors  conspire  to  make  the  value  of  the  coefficient  in  in  the 
classical  formula  mill  V'2gh  vary  within  much  wider  limits  than  fo>' 
discharge  through  an  orifice.  The  sloping  nappe  of  a  weir  differs 
from  the  vein  issuing  from  an  orifice  in  that  it  may  assume  a  variety 
of  perfect ly  dist inct  forms.  These  forms  constitute,  in  reality,  as 
many  distinct  cases,  each  of  which  it  is  necessary  to  study  separately, 
since  by  confusing  them  one  must  necessarily  expose  himself  to  seri¬ 
ous  errors.  It  is  proper  at  the  start  to  classify  these  different  forms 
and  to  make  known  their  distinctive  characteristics. 

/•'rtt  iinjtjHs. — The  most  simple  and  definite  case  is  that  of  a  sharp- 
crested  weir  without  lateral  contraction,  in  which  the  nappe  falls 
freely  in  the  air,  its  lower  surface  always  subject  to  the  pressure  of 
the  atmosphere.  The  lateral  contraction  may  1m*  suppressed  by  mak¬ 
ing  the  leiigt h  of  the  weir  equal  to  the  width  of  t he  canal  leading  to  it, 
which  is  supposed  to  have  vertical  walls.  Immediately  below  the 
crest  these  walls  should  constructed  in  such  a  manner  as  to  permit 
free  access  of  air  l»eneath  the  nappe,  which  then  represents  a  portion  of 
a  nappe  of  infinite  length.  The  resulting  phenomena  of  flow  arc  per¬ 
fectly  constant ;  tin*  nappe,  independent  of  any  influence  of  the  water 
below  th»*  weir,  i>crmits  of  a  precise  determination  of  the  coefficient  in. 

J)«  ■prr.sst  il  niijijH’s  ami  mij/pr.s  miteil  mult  riuafh. — When  the  walls 
of  the  canal  in  w  hich  the  weir  is  placed  are  not  constructed  in  such  a 
manner  as  to  maintain  free  access  of  air  beneath  the  nappe,  the  phe¬ 
nomena  of  discharge  ltecome  more  complicated  and  the  form  of  the 
nappe,  remarkably  coustant  in  tin*  case  where  it  falls  freely  over  the 
weir,  undergoes  considerable  modification,  according  to  the  amount 
of  discharge. 

When  the  head  does  not  exceed  a  certain  limit,  the  nappe  remains 
detached  from  the  face  of  the  weir,  imprisoning  underneath  it  a  vol¬ 
ume  of  air  at  a  pressure  inferior  to  that  of  the  external  atmosphere. 
At  t he  same  t  ime  t  lie  w  ater  in  t  he  space  bet  ween  t  he  foot  of  the  nappe 
and  that  of  the  weir  rises  to  a  level  above  that  of  the  stream  below 
the  weir.  We  have,  then,  a  species  of  free  nappe,  modified  and 
depressed  by  the  excess  of  external  pressure.  The  discharge  over 
such  a  sharp-crested  weir  is,  for  equal  heads,  slightly  greater  than 
over  a  true  free  nappe.  The  difference  increases  as  the  volume  of 
the  imprisoned  air  diminishes. 
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Depressed  nappes  are  not  very  stable;  the  accidental  entrance  of 
air  from  time  to  time  produces  variations  in  both  the  interior  pressure 
and  the  discharge.  When  the  air  has  entirely  disappeared,  the  nappe 
takes  a  more  definite  form,  which  may  be  designated  as  wetted  under¬ 
neath.  The  overflowing  nappe  incloses  a  small  portion  of  turbulent 
water,  which  does  not  partake  of  the  translatory  movement  of  the 
vein,  properly  speaking. 

The  occurrence  of  a  nappe  wetted  underneath  may  be  independent 
of  the  level  of  the  water  on  the  downstream  side  of  the  weir,  or,  on 
the  contrary,  it  may  be  influenced  by  tins  level,  every  modification  of 
which  then  reacts  on  the  discharge  over  the  weir. 

The  former  is  the  case  when  the  overfall  is  followed  by  a  rapid 
which  terminates  in  an  abrupt  ressault,  below  which  the  flow  takes 
place  in  accordance  with  the  condition  of  the  channel.  The  position 
of  the  ressault  is  without  influence  on  the  discharge,  provided  that  it 
does  not  inclose  the  foot  of  the  nappe. 

In  the  second  case — that  is  to  say,  when  the  foot  of  the  nappe  is 
more  or  less  inclosed  in  the  water  in  the  channel  below  the  weir — it  is 
not  easy  to  separate  the  influence  of  the  water  in  the  channel,  for  the 
discharge  may  be  modified  although  this  water  does  not  rise  to  the 
level  of  the  crest  of  the  weir. 

Undulating  nappes. — When  the  level  of  the  water  in  the  channel 
below  the  weir  is  raised  to  the  height  of  the  weir  crest,  the  wetted 
nappe  retains  its  form  as  long  as  the  difference  in  level,  or  fall  of  the 
water  from  the  upstream  to  the  downstream  side  of  the  weir,  does  not 
descend  below  a  certain  limit.  Its  characteristic  profile  persists, 
although  in  part  concealed  by  its  immersion  in  the  channel  on  the 
downstream  side;  but  where  the  fall  or  difference  in  level  is  progress¬ 
ively  diminished,  a  moment  comes  when  the  nappe  returns  suddenly 
to  the  surface,  undulating  in  the  meanwhile.  This  change,  although 
very  apparent,  does  not  exert,  any  important  influence  on  the  value  of 
the  coefficient  of  discharge. 

Adhering  nappes. — The  forms  of  nappes  thus  far  considered  are 
those  most  ordinarily  encountered.  Another  form  exists,  which 
appears  under  certain  conditions,  in  which  the  nappe,  instead  of 
enfolding  a  small  mass  of  turbulent  water  having  no  translatory 
movement,  as  in  the  case  of  the  nappe  wetted  underneath,  is,  on  the 
contrary,  in  close  contact  with  the  face  of  the  weir.  It  presents  then, 
in  certain  cases,  some  interesting  particulars,  and  to  this  remarkable 
form  there  often  corresponds  a*considerable  increase  of  the  coefficient 
of  discharge. 

The  ensemble  of  the  phenomena  of  discharge  is  very  complex,  and 
one  can  not  often  determine  the  discharge  of  a  weir  with  precision 
without  previously  knowing  under  which  particular  form  of  nappe  the 
discharge  takes  place.  Taking,  for  example,  a  sharp-crested  weir 
0.75  meter  (2.46  feet)  high,  we  have  shown  that  for  the  same  head  of 
0.20  meter  (0.656  foot)  the  nappe  may  assume  four  very  distinct  forms, 
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to  which  correspond  the  following  different  values  of  the  coefficient 
m  in  the  formula  Q  =  wlh^Hyh: 

Meter. 

< 1 )  Free  nappe,  under  surface  always  subjected  to  atmospheric  pressure  0.  433 

(2)  Depressed  nappe,  imprisoning  a  certain  volume  of  air  at  a  pressure 

below  that  of  the  atmosphere . .  .  400 

(3)  Nappe  wetted  underneath,  no  air  imprisoned,  level  of  water  on  down¬ 

stream  side  0.123  meter  (0.42  foot)  below  crest  of  weir  .  .  497 

(4)  Adhering  nappe,  the  ressanlt  l»oing  at  a  distance  from  the  foot  of  the 

nappe,  which  is  completely  exposed  . . 554 


SHARP-CRESTED  WEIRS.' 


Fni  mijijiis.  —  When  the  nappe  in  Mowing  over  a  sharp-crested  weir 
has  ils  lower  surface  in  free  communication  with  the  atmosphere,  the 
only  element  which  modifies  the  coefficient  m  is  the  mean  velocity  u 
in  the  channel  leading  to  the  weir.  In  order  to  take  this  into  consul- 

eration  in  the  formula,  h  is  replaced  by  h  -4-n  (  t  j.  The  formula 

becomes  then,  representing  by  n  the  modified  coefficient  ///,•’ 

Q=n/(  h  +  n  lly  )yj 2ij(  li  +  n  ^  ) 

=nlh  y/2gh(  )* 


or,  approximately,  considering  that(  ^  )  is  a  fraction  rarely  exceed¬ 
ing  a  few  centimeters, 

Q  =  nlh  y/ 2 yh(  1 4*r! «  ) . ( 1 ) 


This  expression  i''  not  in  a  form  convenient  for  use,  since  the  veloc¬ 
ity  it  de|H*nds  on  the  discharge  to  be  determined.  If  p  be  used  to 
designate  the  height  of  the  weir  above  the  bottom  of  the  channel,  the 
water  section  of  the  canal  is  / ( // -f- y > ) ,  and  we  have 

u '  _ _ _ 

2f/  ~2ytt  (h+i>)' 

or,  simply  repla<*ing  by  its  value  mlh  V 'Jylt,  we  have 


>r  /  h  V 

2„h  = w  (  h+i  ) 


■<jl> 


!>+/> 


Letting,  for  short,  (  )  =  K,  the  above  expression  takes  the 

more  practical  form 

h  ^ 


q  =  v[i+k(^7))  ]/7n/2,,/* 


.  .  (2) 


Annales  des  Punts  et  Chauss£es.  Mcmoires  et  Documents,  1S98,  p.  223. 
Auimles  des  Pouts  et  C'hauss'es,  1888,  p.  417  and  following. 
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We  have  determined  the  coefficients  a,  K,  and  n  by  comparative 
experiments  on  five  weirs  of  different  heights.1  a  and  K  are  not  per- 

fectly  constant,  but  one  may  take,  as  a  mean,  o=-r ;  K=0.55.  As  to 

O 

n,  its  value,  which  corresponds  to  the  limiting  case  of  no  velocitj'  of 
approach,  can  not  be  measured  directly,  since  it  is  impossible  to  com¬ 
pletely  suppress  this  velocity.  Its  influence  becomes,  however,  insig¬ 
nificant  in  a  high  weir.  The  coefficient  v  decreases  slowly  as  the  head 
increases,  as  shown  below: 

Head,  feet  =  0.104,  0.328,  0.656,  0.984, 1.312,  1.640. 
Corresponding  values  of  n  =  0.448,  0.432,  0.421,  0.417,  0.414,  0.412. 
When  h  is  over  0.328  foot,  its  value  is  represented  with  sufficient 
precision  by  the  formula 

0.00984 


v  = 


=  0.405  +  (^p) 


(3) 


Adopting  for  K  the  value  0.55,  formula  (2)  becomes 


1  +0.55  (4p./]  •  ■  •  •  O) 

In  most  cases  where  the  head  falls  between  0.10  meter  (0.328  foot) 
and  0.30  meter  (0.984  foot),  n  may  be  taken  at  the  constant  value 

0.425,  and  taking  K=  ^  simply,  the  expression  for  in  becomes 


m  =  0.425^1  +  ^ 
=  0.425+0.212/ 


(5) 


which  will  answer  for  all  practical  cases  where  errors  of  2  to  3  per 
cent  are  permissible.  It  is  this  coefficient  of  discharge  m,  perfectly 
determined  by  the  head  h  and  the  height  p  of  the  weir,  which  has 
been  used  for  comparison.  Instead  of  considering  on  the  other  weirs 
the  absolute  values  of  the  coefficient  in,  we  have  compared  them  with 
the  coefficient  m'  for  a  free  nappe,  for  the  same  head  on  a  sharp- 

crested  weir  of  the  same  height.  This  substitution  of  the  ratio  "  for 

the  absolute  values  of  in  eliminates,  in  a  large  measure  at  least,  the 
influence  of  velocity  of  approach  and  facilitates  greatly  the  discus¬ 
sion  of  results. 

In  what  precedes,  the  upstream  face  of  the  weir  has  been  supposed 
to  be  a  vertical  plane.  If  it  is  inclined,  the  values  of  the  coefficient 
in  will  be  modified.  The  coefficient  is  diminished  when  the  plane  of 
the  dam  is  inclined  upstream;  but  if,  on  the  contrary,  the  plane  of  the 
dam  is  inclined  downstream,  the  coefficient  increases  to  a  maximum 


1  Annales  des  Ponts  et  Chaussees,  Memoires  et  Documents,  1888. 
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which  corresponds  nearly  to  an  inclination  of  30  (equals  a  hatter  on 
1  he  back  of  1J :  1 ).'  The  rat  io  bet  ween  the  coefficients  corresponding  to 
two  different  inclinations  is  sensibly  constant  for  all  heads,  so  that 
one  may  obtain  the  coefficient  in  for  a  sharp-crested  weir  at  any 
inclination  by  multiplying  by  a  constant,  or  modulus,  the  correspond¬ 
ing  coefficient  for  a  vertical  weir,  as  is  indicated  in  the  following 
table. 

This  ratio  increases  regularly  from  an  inclination  of  45  toward  the 
upstream  side  to  approximately  3b  toward  the  downstream  side, 
where  the  maximum  occurs,  from  which  point  the  discharge  does  not 
take  place  in  the  normal  manner,  since  the  liquid  vein  in  its  passage 
over  the  crest,  instead  of  being  freely  contracted,  is  guided  by  the 
incline  of  the  weir  on  which  it  rests  in  immediate  contact. 

Modulun  hy  which  to  multiply  the 
<-ot>  (Orient  fi«r  i»  vertical  weir. 


Upstream  inclination  of  the  weir: 

1  horizontal  to  1  vertical . .  0. 98 

2  horizontal  to  3  vertical  . 94 

1  horizontal  to  3  vertical . 96 

Vertical  weir  .  . . .  1.00 

Downstream  inclination  of  the  weir: 

1  horizontal  to  3  vertical  . 1.04 

2  horizontal  to  8  vertical. . 1.07 

1  horizontal  to  1  vertical . 1.10 

2  horizontal  to  1  vertical  . 1.12 

4  horizontal  to  1  vertical  .  1.09 


Shurp-cn  sted  weirs — X<  i/ijn.s  de/wtssed  nnd  ireftid  nnderneuth. — 
When  the  air  is  not  admitted  freely  underneath  the  nappe  the  phe 
nnmeiia  become  more  complicated.  The  nappe  may  be  either  de¬ 
pressed,  as  a  result  of  air  being  imprisoned  underneath  at  less  than 
atmospheric  pressure,  or  it  may  be  wetted  underneath  without  con¬ 
taining  any  air.  The  discharge  for  a  depressed  nappe  is  slightly  in 
excess  of  that  for  a  free  nappe.  The  difference  may  rise  to  nearly  10 
per  cent  at  the  moment  when  tin*  nappe,  the  confined  air  being  nearly 
exhausted,  is  at  the  point  of  assuming  the  form  of  a  nappe  wetted 
underneath.  The  accidental  entrance  of  air  from  time  to  time  may 
vary  the  discharge  a  little.  The  wetted  nappes  are  more  uniform. 
It  is  important  todistinguish  t  wo  cases  according  as  the  ressault, which 
is  produced  below  the  nappe,  is  at  a  distance  from  its  foot  or  partly 
incloses  it. 

First  cast — Jiissnult  tit  n  distance.3 — The  coefficient  in  may  be  de¬ 
duced  from  the  coellicient  in'  for  a  free  nappe  by  the  relation 

m=s  w'  |^0.878-f  0.128^  J  •  •  •  (•*) 

1  Animles  des  Pouts  et  Ulmuss/es,  Meinoires  et  Documents,  1  SIM),  pp.  18  to  27. 

See  Annales  des  Pouts  et  C'haussees,  1894,  Meinoires  et  Documents,  pp.  2.11-253, 
261,  264  ,  265. 

See  Annales  lies  Punts  et  Chauss5es,  Meinoires  et  Documents,  1894,  p.  258. 
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The  ratio  (  ^  )  can  only  have  certain  values,  as  experience  lias  shown 

that  it  does  not  exceed  2.5,  because  the  form  of  nappe  wetted  under¬ 
neath  does  not  continue  if  the  head  is  less  than  0.4 p.  For  the  maxi¬ 
mum  value  |=2.5,  we  have,  very  nearly,  m= 1.20m';  and  when  7 >=p, 

m  becomes  sensibly  equal  to  ra'.  Finally,  m  is  a  little  greater  than 
m'  when  li  surpasses  p. 

If  the  above  formula  be  applied  to  weirs  of  different  heights  it  may 
be  shown  that  for  the  same  value  of  (  pj  the  absolute  values  of  m  do 
not  differ  greatly  from  those  given  by  the  equation1 

.2 

.  -  •  •  (7) 


ir 

m=0.470+0.0075j(3 


which  permits  us  to  find  an  absolute  value  of  the  coefficient  m  with- 

m ' 
m' 


out  using  the  ratio 


Second  case — The  ressault  inclosing  part  of  the  napped — It  is  neces¬ 
sary  to  take  into  account  the  level  of  the  water  below  the  weir,  and, 
if  we  designate  by  7q  the  difference  of  level  of  the  crest  of  the  weir 
and  of  the  water  below,  the  value  of  rn  becomes8 


1. Of, +  0.15 


(8) 


In  this  formula  h\  is  to  be  taken  as  minus  when  the  level  of  the 
water  on  the  downstream  side  is  below  the  crest,  and  as  plus  when  it 
is  above  the  crest.  The  formula  can  only  be  applied  within  certain 
limits  of  hi.  If  the  difference  in  level  of  the  water  above  and  below 
the  weir  be  increased  a  moment  comes  when  the  ressault  is  driven 
back  from  the  foot  of  the  nappe  until  it  ceases  to  inclose  it  and 
changes  then  to  the  preceding  case.  This  pushing  back  of  the  res¬ 
sault  takes  place  when  the  total  fall  (7i-f  7q)  is  approximately  equal  to 
f  p;  that  is  to  say,  for  a  given  head  h  the  greatest  admissible  value 
of  hi  is  (f-_p  —  h).  On  the  other  hand,  when  the  head  h  is  insufficient 
to  throw  back  the  ressault  it  is  necessary  that  the  level  below  the  weir 
be  sufficient  to  sustain  the  foot  of  the  nappe  and  to  prevent  the  intro¬ 
duction  of  air,  which  would  cause  the  nappe  to  return  to  the  depressed 
form.  The  preceding  formula  may  be  simplified  by  suppressing  the 
small  term,  0.05,  in  the  parenthesis,  and  for  compensation  slightly 
diminishing  the  two  other  coefficients.  It  then  becomes 


'Annales  des  Ponts  et  Chaussees,  Memoires  et  Documents,  1894,  p.  259. 

-  !8ee  Annales  des  Ponts  et  Chaussees,  Memoires  et  Documents,  1894,  pp.  280-283). 
"See  Annales  des  Ponts  et  Chaussees,  Memoires  et  Documents,  1894,  p.  284. 
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Sim rji-rrt  sft  <1  u'pirs — Ailheriny  nappes. — The*  nappe  may  also  take, 
though  very  rarely,  a  particular  form,  the  production  of  which 
depends  on  tin*  width  of  tin*  dam  and  the  form  of  the  upper  part  sup¬ 
porting  the  sharp  crest.  The  nappe  becomes  completely  attached, 
without  the  interposition  of  air,  to  the  downstream  face  of  the  dam. 
The  coefficient  of  discharge  then  becomes  very  large  and  may  rise  as 
high  as  1 .:{( i  m  ,  which  corresponds  to  an  absolute  value  of  t  he  coefficient 
///  =  i ». .*».“»  or  o.oti.'  Adhering  nappes  present  some  curious  particulars, 
but  as  they  only  occur  exceptionally  in  practice,  we  may  simply  refer 
to  the  special  studies  made  of  them  included  in  Annalcs  des  Pouts  et 
Chaussees  for  ls'.tl. 

Jim  hi  mirs-  Fm  nappes. — Beam  weirs  are  constructed  of  square 
timbers  of  the  same  cross-sectional  dimensions,  placed  one  upon 
another  to  the  desired  height.  The  back  and  front  faces  < if  the  weir 
are  vertical  planes,  but  the  crest,  instead  of  being  reduced  to  a  sharp 
edge,  presents  a  horizontal  surface,  the  width  of  which  equals  the 
thickness  of  the  timliers.  This  circumstance  completely  modifies 
the  conditions  of  discharge,  and,  while  this  form  of  weir  is  readily 
constructed,  it  may.  unfortunately,  give  considerable  error  in  the 
gaugings. 

The  free  nap]x*s  *  appear  under  two  distinct  forms,  according  as  the 
nappe  is  in  contact  with  the  horizontal  crest  or  becomes  detached  at 
the  back  edge  in  such  a  manner  as  to  flow  over  the  crest  without 
touching  the  downstream  edge.  In  the  second  case  the  influence  of 
the  flat  crest  evidently  disappears  and  the  discharge  is  like  that  over 
a  sharp-crested  weir.  The  nappe  assumes  this  form  when  the  head 
exceeds  twice  the  width  r  of  the  crest  measured  in  the  direction  of 
discharge,  but  it  ma\  occur  whenever  the  head  exceeds  il  r.  Between 
these  limits  the  nappe  is  in  a  state  of  instability.  It  tends  to  detach 
itself  from  the  crest,  and  may  do  so  under  the  influence  of  any  exter¬ 
nal  disturbance,  as.  for  example,  the  entrance  of  air  or  the  passage  of 
a  floating  body  over  tin*  weir. 

W  hen  the  napjie  adheres  to  the  crest,  the  coefficient  m  depends 
chiefly  on  the  ratio  (  (  ),  and  may  1m*  represented  by  the  formula 

wi=«t'  |^0.70+0.1 85^ J . (10) 

in  varies,  as  a  consequence,  very  rapidly.  We  have, 

....  /<  vi 

\\  hen  =0.50  ,=0.71* 

c  111 

1  Set*  A  unales  lies  Pouts  et  Chaussees,  Meinoires  et  Documents,  1891,  series  Nos. 
40  to  51. 

S  e  Anuales  des  Pouts  et  Chaussees,  Meinoires  et  Documents,  1891 ,  pp.  648-650. 

'See  Aunales  de>  Pouts  et  Chaussees,  Meinoires  et  Documents,  1890,  p.  653. 
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c 


=  1.00 


m 

m 


,=0.88 


-=1.50 

e 

-=2.00 

c 


m  n  ^ 

— ,=0.98 
m 


in 


m 


,  =  1.07 


or  1.0  if  the  nappe  is  detached. 


It  will  be  seen  that  between 


When  —  exceeds  2.00,  " ,  =  1.00. 
c  ’  in 

TYl 

n  =  f  c  and  h  =  2  c,  ^  may  vary  from  0.98  to  1.07,  or  nearly  a  tenth 

in  value,  or  it  may  remain  constantly  equal  to  unity,  according  as  the 
nappe  is  attached  to  or  free  from  the  crest. 

Very  wide  crests. — When  the  width  of  the  crest  is  considerable,  1  or  2 
meters,  for  example,1  the  linear  formula  (10)  is  still  applicable,  giving 

results  within  a  few  per  cent  .  The  value  of  (  y  )  then  reduces  to  a 

few  tenths  and  the  ratio  (  )  also  becomes  much  smaller,  so  that  m 

\m  y 

may  not  exceed  0.35.  For  example,  at  a  head  of  0.45  meter  (1.470 

m 


feet)  on  a  weir  with  a  flat  crest  2  meters  wide, 

responds  to  an  absolute  value  of  in  =  0.337 
m 


in 


=  0.755,  which  cor- 
The  formula  gives 


rn 


i  =  0.732,  and  as  a  result  rn  =  0.326. 


Effect  of  rounding  the  crest  at  back. — A  slight  rounding  of  the  back 
edge  of  the  crest  very  sensibly  modifies  the  discharge.  Fteley  and 
Stearns2  have  shown  that  rounding  the  back  of  edge  of  the  crest  to 
a  radius  R  augments  the  discharge  by  an  amount  equal  to  that 
given  by  a  head  increased  by  0.7  R.  This  is  equivalent  to  increasing 

3  3 

the  coefficient  m  in  the  ratio  of  7r  to  ( h  +0.7  R)“  or  nearly  in  the 

ratio  of  1  to  1  +  The  radius  R  in  their  experiments  did  not  exceed 

0.039  foot,  and  it  is  clear  that  this  approximate  mode  of  correction 
will  not  apply  to  cases  where  the  radius  is  notably  greater.  We  have 
experimented  on  two  weirs,  respectively  0.80  meter  (2.624  feet)  and  2 
meters  (6.56  feet)  in  width,  with  crests  rounded  at  the  back  to  a  radius 
of  0.10  meter  (0.328  foot),  and  this  modification  has  had  the  effect  of 
increasing  the  discharge  14  per  cent  on  the  first  of  these  weirs  and  12 
per  cent  on  the  second.  A  simple  rounding  of  1  or  2  centimeters 
radius,  such  as  results  from  wear  on  timbers  of  ordinary  dimensions, 
is  by  no  means  negligible  from  the  point  of  view  of  the  resulting 
discharge. 

A  weir  with  a  crest  2  meters  wide  and  rounded  at  the  back  gave 
for  the  largest  head  used  in  the  experiments,  m=  0.373,  a  value  dif- 

'See  Annales  des  Ponts  et  Ckaussees,  Memoires  et  Documents,  1896,  p.  678. 

2  See  Transactions  American  Society  Civil  Engineers,  1883. 
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fering  from  that  indicated  by  theory  for  tin*  case  of  a  nappe 

flowing  in  filaments  parallel  to  tin*  horizontal  surface  of  the  crest. 
This  hypothesis  may  not.  however,  be  realized  experimentally  in  more 
than  a  very  imperfect  manner,  as  the  surface  of  the  nappe  continually 
undulates. 

Ih  am  m  irs —  Xapjwa  ih pri  ssnl  mill  m  flnl  mulernnith. — The 
depressed  nappes  do  not  differ  greatly  from  the  free.  The  coefficient 
is  at  (irst  less  than  fora  free  nappe,  but  approaches  il  progressively 
in  value  and  finally  exceeds  it  slightly.  It  differs  in  this  respect 
from  a  sharp-crested  weir,  for  which  the  coefficient  for  a  depressed 
nappe  is  always  superior  to  that  fora  free  nappe.  It  makes  no  differ¬ 
ence  as  to  this  whet  her  the  nappe  clings  to  the  flat  crest  or  is  detached 
from  it.  In  either  case  the  coefficient  differs  little  from  that  fora 
sharp-crested  weir.  The  effect  of  adherence  to  the  flat  crest  appears 
again  fora  napjs*  wetted  underneath,  with  this  added  difficulty,  that 
the  moment  of  detachment  underneath  the  water  is  not  apparent  and 

does  not  correspond  to  any  constant  value  of  (  %  ).  In  other  words, 

it  may  take  place  either  preceding  or  following  the  formation  of  the 
nappe  wetted  underneath.  It  is  necessary,  in  this  regard,  to  distin¬ 
guish  t  wo  eases  accord ing  as  t  he  height  />  of  t  he  dam  i>  greater  or  less 
than  about  five  times  the  width  c  of  the  crest.  When  p  is  greater 
than  *>  c,  the  nappe  detaches  itself  from  t  he  Mat  crest  before  it  becomes 
wetted  underneath,  and  in  the  intermediate  state  does  not  differ 
greatly  from  that  for  a  sharp-crested  weir.  When,  on  the  other  hand, 
p  is  less  than  Ac,  the  nappe  does  not  detach  itself  from  the  flat  crest 
before  Incoming  wetted  underneath,  but  is  very  unstable  at  the 
moment  of  this  transformation. 

So  long  as  the  nappe  adheres  to  the  crest  this  influence  predominates 
and  formula  ( 1< »)  is  most  nearly  applicable  to  the  nappe  wetted  under¬ 
neath.  <  >:i  the  other  hand,  when  the  nappe  is  detached  from  the  flat 
crest  the  conditions  of  discharge  approach  more  nearly  those  for  a 
sharp  crest,  to  which  formula  (<*)  may  be  applied.  The  two  formula* 
give  the  same  value  when  the  head  exceeds  a  certain  limit 


'*■=  r>  OV?] . (u) 

For  heads  less  than  /p  formula  (10)  gives  values  of  m  slightly  too 
small,  never  differing  from  t  host*  of  the  experiments,  however,  by  more 
than  dor  4  per  cent.  When  the  head  exceeds  /p,  one  must  dike 
recourse  to  the  other  formula,  although  it  likewise  gives  too  small 
values.  The  difference,  rather  more  important  in  this  case,  attainsS 

t 

per  cent  as  a  maximum,  after  which  it  diminishes  rapidly  for  increased 
heads.  This  maximum  corresponds  to  the  moment  when  the  nappe  is 
at  the  point  of  detaching  itself  from  the  flat  crest.  After  it  has  become 
detached,  the  influence  of  the  width  of  the  crest  disappears  and 
formula  (>'»)  applies  to  a  very  close  degree  of  approximation. 
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It  will  be  seen  that  the  flat  crest  has  the  effect  of  doubling  each 
species  of  nappe,  in  that  two  formulae  must  be  applied  according  as 
the  nappe  clings  to  or  is  detached  from  the  flat  surface. 

Weirs  with  wide  crests  and  batter  on  the  faces. — The  phenomena  of 
discharge  become  much  more  complex  for  weirs,  such  as  are  often 
found  in  practice,  with  batters  of  greater  or  less  inclination  on  the 
front  and  back  faces.  The  influence  of  the  flat  crest,  which  exerts 
itself  in  a  weir  built  up  of  square  timbers,  is  joined  to  that  of  the 
slope  of  the  faces.  The  inclination  of  the  upstream  face,  by  reducing 
the  contraction,  has  the  effect  of  increasing  the  discharge,  while  that 
of  the  downstream  face  has  ordinarily  the  same  effect  as  increasing  the 
width  of  the  flat  crest;  that  is  to  say,  it  diminishes  the  discharge.  The 
coefficient  m,  then,  in  each  particular  case  depends  not  only  on  the 
head,  but  on  the  width  of  the  crest  and  the  degree  of  inclination  of 
the  faces.  It  is  therefore  exceedingly  variable,  and  each  type  demands 
a  special  study.1 

Rounding  the  back  edge  of  the  crest  reduces  the  contraction  con¬ 
siderably  and  may  increase  the  value  of  m  10  or  15  per  cent.  Con¬ 
sidering,  finally,  the  class  of  weirs  with  completely  curved  profiles, 
sncli  as  are  occasionally  encountered  in  hydraulic  practice,  the  value 
of  m  may  attain  a  relatively  high  figure.  The  coefficients  for  such 
cases  have  not  been  arranged  in  comparative  tables,  but  enough  par¬ 
ticular  cases  are  given  to  serve  as  a  guide  in  practice.  It  is  clearly 
impossible  to  establish  a  general  formula  which  shall  take  account  of 
all  the  elements  that  enter  to  affect  the  discharge. 

Drowned  weirs. — We  have  given,  in  discussing  the  experiments  on 
sharp-crested  weirs  drowned  by  the  water  on  the  downstream  side,2 
two  formulae,  one  of  which  applies  to  cases  where  the  weir  is  not  deeply 
drowned.  The  other,  which  is  more  general  in  its  application,  is  2 — 


in  which 

7i=head  on  crest  of  weir. 

^0= height  of  weir  above  bottom  of  stream  channel. 
hv= difference  of  elevation  of  crest  of  weir  and  of  water  on  down¬ 
stream  side  when  the  weir  is  drowned. 
z^h-hj 

7/1= coefficient  of  discharge. 

The  two  formulae  mentioned  have  been  so  established  as  to  repre¬ 
sent  in  the  best  possible  manner  the  experiments  from  which  they 
have  been  deduced.3  In  cases  where  a  less  precise  approximation  will 


1  See  series  Nos.  125  to  194,  the  results  of  which  are  epitomized  by  groups  in  the 
tables  on  pp.  154  to  194,  Annales  des  Ponts  et  Chaussees,  1898. 

2  See  Annales  des  Ponts  et  Chaussees.  Memoires  et  Documents,  1894,  pp.  289-297. 

3 See  Annales  des  Ponts  et  Chaussees,  Memoires  et  Documents,  p.  310,  table. 
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suffice  the  above  formula  may  be  made  more  applicable  by  slightly 
altering  its  coefficients  as  below: 


This  new  expression  is  practically  equivalent  to  the  two  others  and 
gives  tlie  same  values  within  1  or  2  percent,  except  when  the  ratios 


in  is  always  very  uncertain. 

The  effect  of  drowning  is  not  the  same  for  a  wide-crested  weir.1 

liaising  the  plane  of  tin*  water  lielow  the  weir,  which  in  the  case  of 
a  sharp-crested  weir  affected  the  flow  on  the  Upstream  side  Indore  the 
water  below  had  reached  the  height  of  the  crest,  does  not  commence 
to  take  effect  on  a  wide-crested  weir  until  after  the  level  of  the  water 
on  the  downstream  side  is  considerably  above  the  crest;  and  the 
greater  the  width  of  the  crest  the  less  is  its  ultimate  effect.  In  our 
experiments  on  a  crest  2  meters  in  width  we  have  shown  that  the 
water  on  the  downstream  side  must  rise  to  a  height  above  the  crest 

equal  to  'I  of  the  head  h  before  it  affects  the  level  on  the  upstream  side. 

When  tin*  plane  surface  which  forms  the  crest  of  a  weir  is  very 
wide,  it  constitutes  a  sort  of  channel  and,  in  a  measure,  as  the  length 
of  this  channel  is  increased  the  conditions  of  discharge  depart  from 
those  which  pertain  to  a  weir,  properly  speaking,  and  approach  those 
for  a  channel  with  a  horizontal  bottom. 


The  (’oknki.l  I'niveksity  Kxpekimkxts. 


At  the  lieginning  of  the  study  of  Bazin's  work  it  was  the  author’s 
opinion  that  his  coefficients  could  b«*  fairly  extended  to  depths  on  the 
crest  of  about  4  feet  without  material  error,  and  on  this  basis  the 
original  discharge  curves,  plates  1<>7  to  120,  inclusive,  were  worked  out 
in  the  manner  already  deserilied.  On  further  study,  however,  it 
seemed  probable  that  some  of  his  series,  especially  Nos.  Bio  and  1.45 
and  a  few  others,  might  be  somewhat  too  high  for  deep  flows,  for  the 
reason  that  at  depths  on  the  crest  from  0  up  to  aland  <».G  foot  to  l.o 
foot  the  nappes  were  depressed  and  adherent,  and  above 0,0  foot  to  1.0 
foot  were  wetted  underneath,  thus  indicating  that  probably  the  con¬ 
ditions  of  the  experiment  were  m«<  h  as  not  to  insure  free  admission  of 
air  beneath  the  napi>e,  this  condition  leading  to  higher  flows  than 
would  occur  with  air  freely  admitted. 

Again,  JJazin’s  weirs  were  constructed  with  closed  fronts,  thus  offer¬ 
ing  an  opportunity  for  adhering  implies,  while  in  actual  practice,  for 


'Set*  Annales  des  Pouts  et  Chaussees,  18UG. 
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sections  corresponding  to  series  Nos.  130  and  135,  the  water  generally 
flows  over  a  lip,  the  nappe  dropping  into  a  free  air  space  below.  This 
general  condition  is  illustrated  by  the  dams  shown  on  plates  110, 115, 
122,  and  others.  The  conditions  at  the  ends  of  such  dams  are  such  as 
to  usually  permit  admission  of  air. 

On  April  14,  1899,  the  author  visited  the  new  Cornell  University 
Hydraulic  Laboratory  and  at  once  saw  that  a  fine  opportunity  was 
offered  there  to  experiment  on  flows  over  weirs  at  much  higher  heads 
than  had  hitherto  been  possible,  and  on  communicating  his  views  to 
your  Board  he  was  permitted  to  undertake  a  series  of  experiments  in  co¬ 
operation  with  the  university  authorities.  Messrs.  Wallace  Greenalch, 
Robert  E.  Horton,  and  George  E.  Cook  were  detailed  from  the  engi¬ 
neering  corps  for  this  work,  which  was  done  in  cooperation  with  Prof. 
Gardner  S.  Williams,  engineer  in  charge  of  the  hydraulic  laboratory, 
permission  to  use  the  same  having  been  obtained  by  correspondence 
with  Prof.  E.  A.  Fuertes,  director  of  the  Cornell  University  College 
of  Civil  Engineering.  The  author  gave  the  experiments  general  super¬ 
vision,  the  working  out  of  the  details  being  mostly  left  to  Mr.  Greenalch 
and  Professor  Williams,  Mr.  Greenalch  undertaking  to  construct  the 
necessary  flumes,  bulkheads,  experimental  weirs,  etc.,  and  Professor 
Williams  preparing  and  taking  charge  of  the  measuring  apparatus. 

Plate  131  gives  a  plan  and  section  of  the  experimental  channel  at  the 
Cornell  University  hydraulic  laboratory.  This  laboratory  has  been 
quite  fully  described  in  Engineering  News  for  March  2,  1899,  and  no 
further  description  will  be  made  here  than  necessary  to  explain  the 
experiments. 

DESCRIPTION  OF  THE  ARRANGEMENTS  FOR  THE  EXPERIMENTS. 

The  canal  in  which  the  experiments  were  made  consists  briefly  of 
a  channel  with  sides  and  bottom  of  concrete,  418  feet  long,  19  feet 
wide,  and  10  feet  deep.  The  grade  of  the  bottom  of  the  channel  is 
at  the  rate  of  1  foot  in  500.  A  bulkhead  composed  of  12  by  12-inch  tim¬ 
bers,  situated  about  60  feet  from  the  upper  end,  divides  the  channel 
into  two  chambers.  A  standard  sharp-edged  weir,  16  feet  in  length, 
was  placed  on  this  bulkhead,  the  crest  of  the  weir  being  13.13  feet 
above  the  bottom  of  the  channel.  The  upper  chamber  above  the  bulk¬ 
head  has  higher  side  walls  than  the  lower  chamber,  which  admitted 
of  a  depth  of  17.7  feet  of  water.  At  the  lower  end  of  the  channel 
another  timber  bulkhead  closes  the  lower  chamber,  and  on  which  the 
weirs  to  be  experimented  upon  were  built.  The  top  of  this  bulkhead 
was  about  4.8  feet  above  the  bottom  of  the  channel.  The  heights 
vary  slightly  for  each  experimental  weir,  the  exact  height  of  each 
weir  being  shown  on  the  sections  at  the  head  of  the  tabulations  of 
results. 

In  order  to  obtain  heads  on  the  lower  weir  of  about  5  feet,  the  16- 
foot  channel  was  narrowed  to  a  width  of  6.56  feet  (2  meters)  by  means 
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of  a  wooden  flume,  as  shown  on  pinion  131.  This  flume  was  0.56  feet 
wide  for  a  distance  of  48  feet  above  the  lower  bulkhead  and  then 
expanded  to  a  width  of  10  feet  in  a  length  of  8.3  feet,  as  shown.  The 
flume  was  const  rueted  ot  matched  while-pine  boards  1.7a  inches  t  hick, 
planed  on  1  he  inside  and  held  in  place  by  bents  of  4  by  4-inch  t  imbers. 
As  the  lower  bulkhead  was  water-1  iirht  for  the  whole  width  of  the 
channel,  no  attempt  was  made  to  construct  the  sides  and  bottoms  of 
the  flume  absolutely  water-tight,  although  they  were  practically  so. 
Inasmuch  as  nearly  equal  water  pressure  on  both  sides  of  the  flume 
would  permit  of  greater  economy  in  construct  ion,  two  boards  were 
left  off  on  each  side  at  the  upp<  r  end,  thus  allowing  water  to  enter  at 
the  sides  between  the  flume  and  1  he  concrete  walls  of  the  main  canal. 
This  arrangement  also  greatly  diminished  the  area  of  water-tight 
work.  The  sides  of  the  flume  were  extended  from  8  to  24  feet  below 
the  bulkhead,  according  to  the  form  of  weir  experimented  on,  thus 
preventing  lateral  expansion  of  the  nappe  after  passing  the  weir  and 
crest.  Openings  were  left  in  each  side  of  this  extension  below  the 
level  of  th<«  crest  in  order  to  certainly  allow  free  access  of  air  under 
the  nappe.  The  vertical  fall  <>f  the  water  from  the  crest  of  the  experi¬ 
mental  weir  to  the  rock  Inflow  was  about  12.1*  feet. 

There  is  a  pond  of  22  acres  area  above  the  main  reservoir  dam,  the 
surface  of  which  was  raised  about  1.7  feet  by  means  of  flash  boards 
placed  in  the  main  spillway.  The  water  surface  thus  obtained  was 
about  5.4  feet  above  the  crest  of  the  standard  weir.  Water  from  the 
reservoir  was  admitted  into  the  upper  chamber  through  six  wooden 
sluice  gates,  o|>crutcd  by  rack-aml-pinion  apparatus  with  long  level's. 

The  sharp-edged  standard  weir  was  composed  of  a  3.5  by  5  inch 
steel  angle,  secured  by  lag  screws  to  a  0  by  12  inch  oak  timber,  as 
shown  on  plate  131.  After  bolting  the  angle  iron  into  place  on  the 
timber  the  edge  of  the  5-inch  leg  was  planed  and  dressed  to  a  true 
line  live-sixteenths  of  an  inch  in  width  and  carefully  leveled  in  posi¬ 
tion  on  the  upper  bulkhead.  Air  was  freely  admitted  under  the  nappe 
by  means  of  deflecting  boards  at  each  end  of  the  weir,  as  shown  on 
plate  1  U.  The  fall  of  the  water  from  the  crest  of  the  standard  weir 
to  the  water  surface  in  the  lower  chamber  varied  from  about  3  to  8 
feet,  according  to  quantity  of  water  flowing. 

The  velocity  of  the  water  passing  through  the  regulating  gates  at 
tin*  extreme  head  of  the  channel  was  checked  by  three  screens  in  the 
upper  chamber.  The  first  two  consisted  of  4  by  12  inch  timbers 
placed  horizontally  with  the  wide  face  toward  the  current  and  spaced 
from  8  to  12  inches  apart,  below  these  was  a  third  screen  of  one- 
quarter-inch  mesh  galvanized  wire  netting.  A  screen  composed  of  1 
by  8  inch  boards  laid  horizontally  with  the  edges  to  the  current  and 
spaced  2  inches  apart  was  placed  about  2<»  feet  below  the  upper  bulk¬ 
head,  and  served  to  quiet  the  water  in  the  lower  chamber. 
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The  heads  of  the  weirs  were  measured  by  means  of  piezometers 
constructed  as  follows:  A  1-inch  galvanized-iron  pipe  with  holes  one- 
quarter  inch  in  diameter  and  spaced  6  'inches  apart  was  laid  across 
the  channel  about  8  inches  above  the  bottom,  with  the  holes  therein 
opening  downward.  Connections  with  these  pipes  were  made  by 
three-quarters-inch  pipes  passing  through  the  bulkhead  to  a  point 
below  the  weir,  where  the  gauges  could  easily  be  connected  by  rubber 
hose.  The  gauges  were  glass  tubes  three-quarters  inch  internal  diam¬ 
eter,  mounted  on  wooden  standards,  and  read  by  a  scale  graduated  to 
2  millimeters  spaces.  Three  piezometers  were  set  at  each  weir,  as 
shown  on  plate  131,  though  readings  were  taken  only  on  the  upper 
two.  In  order  to  check  the  accuracy  of  the  piezometric  readings, 
after  the  conclusion  of  experiment  No.  17  a  fourth  piezometer  pipe 
was  set  in  the  bottom  of  the  flume  above  the  lower  bulkhead  and  about  6 
inches  upstream  from  the  upper  piezometer.  This  pipe  was  set  with 
one-quarter-inch  holes  directly  on  top  and  with  the  top  of  the  pipe 
flush  with  the  bottom  of  the  flume.  Readings  were  taken  simultane¬ 
ously  on  both  piezometers  and  considerable  differences  noted. 

At  the  lower  weir  the  height  of  the  flowing  water  in  the  flume  and 
of  the  still  water  behind  the  flume  was  read  on  scales  marked  on  the 
side  of  the  flume.  These  scales  were  divided  to  0.05  foot  and  read  by 
interpolation  to  0.01.  Similar  gauges  were  set  in  the  upper  chamber 
and  in  the  reservoir,  and  readings  of  each  taken  every  five  minutes. 

In  addition  to  the  gauge  board  in  the  upper  chamber,  a  float  gauge, 
read  by  dial  to  0.01  foot,  was  set  directly  over  the  upper  piezometer. 
The  float  of  this  dial  gauge  was  a  heavy,  sheet-tin,  air-tight  vessel, 
weighted  with  shot  and  caused  to  move  vertically  with  the  water  in 
the  interior  of  a  length  of  8-incli  cast-iron  pipe  suspended  from  two 
timbers  across  the  upper  channel.  The  dial  was  placed  in  such  posi¬ 
tion  as  to  be  easily  read  by  the  assistants  operating  the  gates  at  the 
upper  end  of  the  channel,  thus  insuring  that  the  depth  over  the 
standard  weir  be  easily  maintained  at  substantially  a  constant  head, 
as  required. 

The  experimental  weirs  of  different  sections  were  all  made  of  planed 
white-pine  boards  about  1  inch  thick,  so  fastened  together  with  screws 
as  to  be  easily  removable.  Leakage  from  the  bulkheads  and  gates  at 
the  lower  end  of  the  channel  was  effectively  stopped  by  calking 
with  oakum  and  pitch  and  also  by  the  application  of  wheat  bran  from 
time  to  time. 

Observations  showed  that  the  upper  bulkhead  was  practically  water¬ 
tight,  but  at  the  side  gates,  near  the  lower  bulkhead,  there  was  a 
slight  leakage,  which  has  been  taken  at  one-half  a  cubic  foot  per 
second  for  high  heads  and  one-quarter  of  a  cubic  foot  per  second 
for  low  heads,  and  proportionally  between.  The  main  channel,  with 
side  walls  of  concrete,  is  considered  to  be  water-tight. 
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'Hu*  foregoing  allowances  for  leakage  arc  taken  to  cover  the  slight 
evaporation  and  absorption  loss  into  the  sides  of  the  main  channel. 

REDUCTION  OF  THE  EXPERIMENTS. 

The  method  of  conducting  the  experiments  was,  in  general,  as  fol¬ 
lows:  The  main  head  gates  at  the  entrance  to  the  canal  were  opened 
to  such  a  width  that  the  dial  gauge  showed  a  head  of  3  feet  above  tin* 
standard  lb-foot  weir.  They  wen*  retained  in  this  position  until  a 
uniform  regimen  of  flow  was  established  in  the  canal  and  maintained 
for  a  period  of  front  ten  to  twenty  minutes,  during  which  time  the 
piezometers  were  read  at  both  weirs  at  intervals  of  thirty  seconds.  At 
tin*  close  of  such  a  period  the  head  gates  were  lowered  until  the  dial 
gate  showed  a  reading  of  2. 5  feet  head  on  the  upper  weir,  sufficient 
time  lwing  allowed  to  elapse  to  establish  and  maintain  a  new  regimen 
of  flow  the  same  as  before.  In  this  way  piezometric  observations 
were  taken  during  several  periods  at  different  heads  in  each  experi¬ 
ment,  usually  terminating  with  a  head  of  about  6  inches  or  1  foot  on 
the  upper  weir.  In  some  eases  the  varying  of  the  head  on  tin*  upper 
weir  by  uniform  decrements  of  b  inches  was  not  adhered  to. 

The  method  of  treating  the  piezoinetric  readings,  obtained  as 
described  in  tin*  preceiling  paragraph,  is  shown  on  plates  132  and  133. 
On  plate  132  the  upper  curve  shows  the  readings  taken  at  the  upper 
weir  (lb  feet  in  length)  and  the  lower  curve  the  readings  taken  at 
the  lower  experimental  weir  for  experiment  No.  14  on  the  Rexford 
Flats  Dam.  These  two  curves,  as  plotted,  show  the  actual  readings 
taken,  in  centimeters,  without  corrections  of  any  sort  or  kind.  The 
several  periods  (A  —  A)  of  the  iipi»or  curve  and  the  corresponding 
periods  (II  —  H)  of  the  lower  curve  represent  the  actual  (icriods  taken 
in  the  reductions  for  each  height  experimented  upon.  A  mean  of  the 
actual  readings  for  these  periods  has  been  taken  as  the  mean  head 
during  each  experimental  period. 

( >n  plate  133  we  have  a  plotting  of  similar  curves  for  experiment  No. 
20  on  sharp-crested  weir,  made  June  10,  ISO!*.  The  explanations  for 
plate  132  apply  equally  to  this  plate.  Attention  may  be  directed  to 
the  method  of  exhibiting  the  continuous  curve  of  flow,  as  shown  on 
plates  132  and  133.  Its  use  in  the  present  case  is  to  be  credited  to 
Prof.  Gardner  S.  Williams, engineer  in  ehargeof  the  Cornell  University 
Ilvdraulic  Laboratory.  The  author  has  never  seen  it  used  before, 
and  if  it  is  original  with  Professor  Williams  he  is  entitled  to  very 
great  credit  for  this  particular  feature  of  the  experiments. 

In  order  to  calibrate  the  upper  weir  (lb  feet  in  length),  and  thereby 
determine  the  quantity  of  water  flowing  in  the  lower  canal  and  over 
the  experimental  weirs,  experiments  Nos.  20  and  21  wen*  made.  These 
experiments  apply  to  a  sharp-crested  weir  of  standard  form,  a. 2b  feet 
in  height,  placed  in  the  lower  end  of  the  canal.  As  a  basis  for  the 
reduction  of  experiments  Nos.  2<>  and  21  a  discharge  curve  has  been 


DEEP  WATERWAYS. 


673 


computed  for  the  upper  weir  (10  feet  in  length)  for  heads  up  to  0.6 
meter  (1.909  feet),  using  Bazin’s  formula, 


Q  =  MLII  V 2(/H, 


^1  +0.55  ( 

H  Vi 

p+lij  J 

r"l  +  0.55  ( 

h ,  VI 

Kp+h ) J 

in  which 

Q=discharge  over  weir,  in  cubic  feet,  per  second; 

7j=observed  head  on  crest,  in  feet; 

hv  =  correction  for  velocity  of  approach; 

H=head  on  weir  corrected  for  velocity  of  approach  =  7i+7tv; 

w  =  coefficient  of  discharge  in  the  formula  mlh  y/'2<jh; 

M  =  coefficient  of  discharge  in  the  formula  MLH  V^grll; 

C  =  coefficient  in  the  Francis  formula  C  =  Mv/2(/,  when  <j  is 
expressed  in  feet; 

_p=height  of  crest  of  weir  above  bottom  of  channel  of  approach, 
in  feet; 

n=a  coefficient  which  depends  on  p  and  h,  and  which  has  been 
taken  from  Bazin’s  table.1 

In  the  reduction  of  experiments  Nos.  20  and  21  the  mean  readings 
of  the  middle  piezometer  at  the  upper  weir  (10  feet  in  length)  were 
added  to  the  difference  of  elevation  of  the  gauge  zero  and  of  the  mean 
crest  as  a  basis  for  computing  the  flow  in  the  upper  channel.  The 
discharge  corresponding  to  the  heads  so  obtained  was  then  taken  off 
of  the  discharge  curve  computed  from  Bazin’s  formula  for  all  the 
periods  in  which  the  observed  head  was  less  than  0.0  meter  (1.909  feet). 
The  approximate  correction  to  be  applied  for  velocity  of  approach  to 
the  standard  weir  was  then  computed,  as  follows: 

Let  11  =  the  true  head  on  the  crest  of  the  weir,  in  feet; 

7i=the  observed  head,  in  feet; 

Qh=  discharge  over  the  weir  under  the  head  h,  per  linear  foot  of  crest ; 
Q=discharge  under  the  head  II,  per  linear  foot  of  crest;  and 
_p  =  height  of  weir  crest  above  channel  bottom,  in  feet. 

Then  velocity  of  approach=n=  V 2 g  (11 — /;), 


also, 


Q  _Q 

p-\-Ji  A.  ’ 


and 


(1) 


7iv=(H — h) 


(2) 


> 

Qh  being  determined  from  the  discharge  curve,  an  approximate 
value  of  v  and  of  the  corresponding  velocity  head  was  computed 
and  the  approximate  value  of  the  velocity  head  so  obtained  added  to 
the  observed  head  h,  which  was  used  in  determining  Q,  v,  and  (II — h) 
with  more  precision.  Generally  two  successive  applications  of  these 
formulae  were  found  sufficient  to  determine  the  velocity  head  with 


1  See  Annates  ties  Ponts  et  Chau  s'es,  Mt'moires  et  Documents,  1888,  p.  44(5. 
H.  Doc.  149 - 43 
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the  desired  decree  of  accuracy.  In  this  way  the  final  corrected  head 
1 1  =  (//-)-// v )  was  obtained.  After  applying  a  correction  for  leakage, 
percolation,  and  surface  evaporation,  the  corresponding  discharges 


the  sharp-crested  experimental  weir  (6.53  feet  in  length)  for  heads  up 
to  3.5  feet,  as  produced  by  heads  not  exceeding  -  feet  on  the  upper 
weir  ( Id  feet  in  length). 

The  foregoing  correction  for  velocity  of  approach  is  merely  the 
addition  to  the  observed  heads  of 


as  determined  for  the  actual  flows  of  each  experiment.  Messrs. 
Fteley  and  Stearns  have  experimented  on  the  effect  of  velocity  of 
approach,  especially  with  reference  to  that  part  of  it  represented  by 
tin*  vis  viva  of  the  water,  and  state  in  their  classical  paper  in  the  trails* 


ruary,  and  March,  1SS3,  that  for  the  conditions  of  their  exjieriments 
corrections  of  velocity  of  approach  to  be  added  to  the  observed  heads 
are  best  represented  by 


The  problem  of  correction  for  velocity  of  approach  is  discussed  at 
length  b\  Hamilton  Smith  in  his  Hydraulics,  the  conclusion  Indtig  that 
fora  weir  with  full  contraction  and  having  an  unobstructed  channel 
of  considerable  length  the  correction  should  be  about 


For  end  contractions  suppress'd  he  adopts  the  values 


In  tin*  present  case  it  has  seemed  preferable  to  use 


although  the  entire  suppression  of  end  contractions  might  appear 
to  indicate  a  higher  correction  for  the  velocity  of  approach.  This 
view,  however,  is  based  upon  other  considerations,  namely,  the  actual 
locations  of  the  piezometers. 

Messrs.  Fteley  and  Stearns  have  pointed  out  that  for  standard 
sharp-crested  weirs  the  head  should  be  measured  about  6  feet  back 
from  the  crest;  but  in  the  present  case  the  heads  have  been  measured 
much  farther  back.  At  the  upper  lti-foot  weir  the  heads  were 
measured  at  the  middle  piezometer  for  all  experiments  except  Nos.  1, 
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2,  3,  and  4,  for  which  they  were  measured  at  the  upper  piezometer. 
These  latter  observations  have  been  reduced  to  the  basis  of  1  lie  middle 
piezometer,  which  was  10  feet  back  from  the  weir,  by  methods  to  be 
detailed  further  on. 

At  the  lower  or  experimental  weirs  the  heads  were  measured  for  all 
experiments  at  the  upper  piezometer,  38  feet  above  the  bulkhead,  on 
which  was  placed  the  experimental  weirs.  This  location  was  selected 
in  order  to  insure  the  piezometers  being  well  above  the  long  back 
slopes  of  experiments  Nos.  2,  3,  14,  15,  and  16,  or  any  other  similar 
series  which  it  might  appear  desirable  to  make. 

Messrs.  Fteley  and  Stearns  remark  that  the  only  inaccuracy  to  come 
from  measuring  the  heads  more  than  6  feet  back  will  be  that  due  to 
surface  slope.  We  will  now  examine  as  to  the  possible  effect  of  this 
in  the  present  case. 

For  an  observed  head  of  2.693  feet  on  the  standard  16-foot  weir 


^-=0.013  foot . (a) 

2g  v  ' 

and 

i.33  =0.01 7  foot . (b) 

The  difference  of  0.004  foot  is  far  enough  within  the  limit  of  accu¬ 
racy  to  be  negligible. 

The  corresponding  observed  head  on  the  experimental  weir,  6.56 
feet  in  length,  is  4.677  feet,  giving 


—=0.198  foot . (c) 

0/7  '  / 

also 

1.33  (0=0.270  foot . (d) 


The  difference  is  0.072  foot. 

_  A  h 

Taking  the  formula  v  =  C  V  rs,  in  which  r=p  and  s  —  j,  and  with/ 

equal  to  (38— 6)  =  32  feet — the  distance  between  where  the  piezometer 
should  have  been  to  comply  with  theoretical  conditions  for  a  stand¬ 
ard  weir  and  where  it  was  actually  set — and  computing  for  hs  under 
a  head  of  4.677  feet  on  the  experimental  sharp-crested  weir  6.56  feet 
in  length,  we  find 

7<s=0.061  foot, 

which  differs  from  the  preceding  difference  of  0.072  foot  by  0.011  foot. 
At  slightly  lower  heads  this  difference  disappears  so  rapidly  as  to 
become  inappreciable,  so  far  as  effect  on  the  coefficients  of  discharge 
is  concerned. 
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1 1  was  concluded,  t  here  fore,  that  for  t  lie  com!  it  ions  of  t  lu*  present  case 


gave  more  nearly  t  In*  t  run  current  ion  t  linn  any  ot her  accepted  formula. 

Final  coefficients  of  discharge  for  tin*  several  weirs  have  been 
obtained  from  the  formula 

< ) 

i'  =  my/-2<i=  . 

LH* 

in  which 

<v)  =  total  flow  over  experimental  weir,  in  cut  in  feet  jier  snnoiul; 
b=length  of  crest  of  experimental  weir,  in  feet;  and 
H  =  tiual  corrected  head  on  experimental  weir,  in  feet. 

Q  having  been  previously  found,  II  was  determined  from  the  mean  of 
the  readings,  for  each  period  of  experiment,  of  a  piezometer  connected 
to  a  horizontal  iuIm*  placed  flush  with  the  bottom  of  the  channel  of 
approach.  The  correction  for  velocity  of  approach  was  then  com¬ 
puted  by  the  formulas  just  given,  using  appropriate  values  of  p  and 
h,  1}  lieing  known  from  tin*  previous  work,  as  described. 

'rite  values  of  the  coefficients  M  and  (’  connected  by  the  relation 

(  ’=  M  y/-2y 

having  liecn  determined  for  t lie  act ual  heads  deduct'd  from  the  experi¬ 
ment*',  the  values  of  e  so  obtained  were  plotted  and  a  mean  curve 
drawn  to  best  represent  l he  observat ions.  A  new  series  of  coefficients 
advancing  l>y  equal  increments  of  II  have  been  read  from  the  curve 
so  obtained,  as  shown  by  the  tabulations  of  the  experiments  Nos.  1 
to  iM,  «m  pages  lib  to  tJIMt,  following. 

Values  of  u  =  the  discharge  per  lineal  foot  of  crest  have  l>een  com¬ 
puted  by  the  formula 

(fc>  =  (ll!’ 

Having  obtained  the  discharge  over  the  slmrp-crested  experimental 
weir  (ti.53  feet  in  length)  for  heads  up  to  .!.*>  feet,  the  curve  of  dis¬ 
charge  for  tin*  standard  weir  ( 1  •»  feet  in  length)  was  extended  to  the 
height  of  .!  feet  by  using  the  coefficients  obtained  as  just  described. 
Plate  la-4  gives  this  curve,  as  well  as  tin*  correct  ion  curve  to  lie  applied 
to  observed  heads  for  velocity  in  the  channel  of  approach  to  the 
standard  weir  1  <i  feet  in  length.  The  additional  experiments  made 
on  a  sharp-crested  weir  at  heads  above  d.o  feet  were  then  reduced  in 
precisely  the  same  manner  a>  b  *fore,  giving  finally  a  series  of  coeffi¬ 
cients  of  discharge  over  a  sharp-crested  weir  with  a  range  of  heads 
from  it.74')  foot  to  4. >74  feet.  file  discharge  curve  so  obtained  is 
exhibited  on  plate  1  .J7>,  where  it  has  been  extended  to  a  head  of  0  feet. 

The  met  hod  employed  in  reducing  the  experiments  on  weirs  having 
crests  of  irregular  profile  is  the  same  as  for  the  sharp-crested  weir, 
with  the  following  exceptions: 

In  addition  to  the  piezometric  observations,  direct  observat  ions  of 
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the  head  on  each  weir  were  taken  on  gauge  boards  situated  above 
the  standard  and  experimental  weirs,  respectively.  The  agreement 
between  the  heads  so  derived  and  those  reduced  from  the  mean 
piezometric  readings  is  close  in  all  cases,  with  the  exception  of  the 
observed  heads  on  the  experimental  weir  in  experiments  Nos.  1,  2,  3, 
and  4.  Without  going  into  the  detail,  it  may  be  stated  that  for  these 
four  experiments,  which  were  the  first  made,  the  heads  directly 
observed  on  the  gauge  boards  are  apparently  the  more  reliable,  and 
the}T  have  accordingly  been  used  in  reducing  these  four  experiments. 

Again,  in  experiments  Nos.  1,  2,  3,  and  4,  no  observations  were 
taken  on  the  middle  piezometer  at  the  standard  16-foot  weir.  In  order 
to  reduce  the  observed  heads  as  actually  taken  on  the  upstream 
piezometer  at  this  weir  to  equivalent  heads  on  the  middle  pie¬ 
zometer,  a  correction  has  been  applied,  the  value  of  which  was 
obtained  as  follows:  Plotting  the  difference  between  the  readings  of 
the  upper  and  middle  piezometers  as  ordinates  for  all  experiments  in 
which  readings  were  taken  on  both,  and  using  the  observed  heads  on 
the  upstream  piezometer  as  abscissas,  a  mean  curve  has  been  drawn, 
from  which  the  correction  to  be  applied  to  any  reading  on  the  upstream 
piezometer  can  be  read  directly.  This  curve  is  shown  on  plate  136. 
The  reason  for  using  the  readings  of  the  middle  in  preference  to  those 
taken  on  the  upstream  piezometer  at  the  standard  16-foot  weir  is 
that  the  former  agree  more  closely  on  the  whole  with  the  readings  of 
the  gauge  board;  also  the  middle  piezometer,  which  is  only  10  feet 
distant  from  the  bulkhead,  on  which  t lie  standard  16-foot  weir  was 
located,  is  more  nearly  at  the  proper  distance  from  the  weir  than  the 
upstream  piezometer,  which  is  25  feet  distant  from  the  weir.  More¬ 
over,  the  upstream  piezometer  was  situated  so  far  back  from  t lie 
standard  weir  as  to  be  evidently  disturbed  somewhat  by  the  entrance 
velocity  of  the  water  in  t  lie  leading  channel. 

With  the  exception  of  experiments  Nos.  18,  10,  20,  and  21,  the  read¬ 
ings  at  the  experimental  weir  were  taken  from  a  piezometer  placed 
horizontally  across  the  channel  of  approach  at  a  height  of  about  8 
inches  above  the  bottom.  In  order  to  reduce  the  readings  from  this 
piezometer  to  the  equivalent  readings  from  piezometer  placed  flush 
with  the  bottom  of  the  channel  a  correction  curve  has  been  deduced 
in  the  following  manner:  In  experiments  Nos.  IS  and  16  observations 
were  taken  from  both  the  flush  piezometer  and  from  one  situated  8 
inches  above  the  bottom.  Plotting  the  differences  between  the  read¬ 
ings  of  these  two  piezometers  corresponding  to  given  heads  on  the 
standard  weir  as  ordinates,  and  using  the  observed  heads  on  the  stand¬ 
ard  weir  as  abscissas,  a  mean  curve  has  been  drawn  from  which  a 
correction  to  be  applied  in  any  case  can  be  read  directly.  J  his  curve 
is  shown  by  plate  137. 

In  regard  to  the  use  of  this  correction  curve  it  may  be*  pointed  out 
that  the  error  resulting  from  the  use  of  a  piezometer  placed  otherwise 
than  flush  with  the  bottom  or  side  of  the  channel  is  a  function  of  the 
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velocities  in  the  channel  of  approach.  Inasmuch  as  the  discharging 
rapacities  of  weirs  of  different  sections  vary  greatly  under  the  same 
hea<ls,  the  velocity  of  approach  at  any  given  head  will  depend  both 
upon  the  height  I*  of  the  weir  and  on  the  coefficient  of  discharge  for 
the  part  ienlar  head  and  section  of  weir  considered.  Unfortunately 
the  data  obtained  were  insufficient  to  enable  the  effect  of  these  ele¬ 
ments  to  be  taken  into  consideration  separately.  Hence,  the  correc¬ 
tions  obtained  from  the  mean  curve  of  plate  1  '57  must  be  considered  as 
approximate  only.  Some  of  the  deviation  of  the  experimental  coeffi¬ 
cients  from  the  mean  coefficient  curves  may  undoubtedly  be  attributed 
to  the  uncertainty  as  to  just  the  j  roper  value  of  this  correction. 

<  >n  plate  Ids  we  have  included  the  coefficient  curves  finally  fixed 
upon  by  the  foregoing  discussion  for  the  experiments  Nos.  1  to  111, 
inclusive.  The  coefficient  curve  for  experiments  Nos.  i  and  '2 1  on 
the  standard  sharp-crested  weir  'i.ad  feet  in  length  is  shown  on  plate 
l.'J5.  These  curves  are  so  self-explanatory  as  to  render  extended 
descript  ion  unnecessary. 

The  following  tabu lat ions  give  the  result s  of  t lu*  Cornell  University 
experiments.  In  column  ( 1 )  of  t hose  tables  we  have  the  heads  i n  feet , 
as  read  from  the  coefficient  curves  of  plate  Ids,  column  (;t)  giving  tin* 
discharge  per  linear  foot  of  crest  in  cubic  feet  per  second.  Column 
( 2 )  gives  values  of  the  coefficient  ill. 

CORNELL  UNIVERSITY  EXPERIMENT  No.  1- BAZIN’S  SERIES  No.  131-MAY  30.  1*98.  i 


0  3 3 


[Length  i.f  iTest,  0.5*  feet.  ] 


Head,  in 
feet 

(1) 

m. 

(*) 

y  jier  fiMit. 

(8) 

0.5 

0.  41SI 

1  30 

1  <1 

0. 43*5 

3  44 

1  5 

0.  447:1 

o  to 

3.0 

0.  4«M« 

m.  00 

3.5 

0.  4  ‘>0s 

14  .*.» 

3.0 

0.  4-VC> 

Hi  13 

3  5 

0  459* 

34  35 

4.0 

0.  4010 

3!l.  OS 

4  5 

(1.  4035 

4n 

5  0 

II.  4i'i3-'i 

41  40 

5  5 

0  4035 

47  *5 

«.0 

0.  403*i 

51. 54 

Nmnlier  uf  experiment*.  7. 

Limiting  head'.  1.1*  feet  and  4  H7  feet. 


1  F"r  it  i-iiusiilerable  extension  of  these  exi»eriments  see  Trans.  Am.  Son.  C.  E.,  Paper  No.  "4. 
on  the  Flow  <>:  Water  Over  Damn,  Vol  XLIV.  Deeemlier .  1  • 
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CORNELL  UNIVERSITY  EXPERIMENT  NO.  2— BAZIN'S  SERIES,  NO.  135—  MAY  24,  1899. 

[Length  of  crest,  6.58  feet.  ] 


O.bb 


Head,  in 
feet. 

(1) 

111. 

(2) 

Q  per  foot. 
(3) 

0. 5 

0. 4012 

1. 15 

1.0 

0. 4285 

3.44 

1.5 

0. 4474 

6.  59 

2.0 

0. 4564 

io.  a5 

2.5 

0. 4598 

14.59 

3.0 

0. 4585 

19. 12 

3. 5 

0. 4598 

24. 15 

4.0 

0. 4015 

29.  65 

4.5 

0. 4625 

35.  40 

5.0 

0. 4625 

41.46 

5. 5 

0. 4625 

47. 84 

6.0 

0. 4625 

54. 54 

Number  of  experiments,  7. 

Limiting  heads,  0.341  foot  and  5.05  feet. 

CORNELL  UNIVERSITY  EXPERIMENT  NO.  3-MAY  26,  1899. 
[Length  of  crest,  6.58  feet.] 


o 


head, in 
feet. 

(D 

m. 

(2) 

Q  per  foot. 
(3) 

0.5 

0. 412 

1.18 

1.0 

0.415 

3. 33 

1.  5 

0.416 

6.13 

2.0 

0.418 

9.49 

2. 5 

0. 420 

13. 32 

3.0 

0.  421 

1 7 . 55 

3. 5 

0.  422 

22. 18 

4.0 

0.  422 

27. 12 

4.5 

0.422 

32. 34 

5.0 

0.422 

37. 88 

0.  0 

0. 422 

43.71 

6.0 

0.422 

49.81 

Number  of  experiments,  3. 

Limiting  heads,  1.75  feet  and  5.23  feet. 
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CORNELL  UNIVERSITY  EXPERIMENT  N«  >  I  MAY  2>4.  1*.*o. 


Head.  in 
feet. 

(I) 


»i 


1 2 . 


(J  per  foot. 

(3) 


Numlwr  of  ox|>orimenta.  • 
Limiting  beads.  0.917  foot  and 


1  0 

0. 429 

Ii  44 

1.5 

0  4-2 

14  .'ill 

2.0 

0  4  A4 

i*  83 

2  5 

0  134 

13  77 

3.0 

ii  4;m 

1*  i>7 

3.  6 

II  4-U 

.*»*  *• 

«*.  «  « 

4.i» 

ll  4-'M 

27  si 

4  5 

Ii  434 

:ti  jo 

5.0 

Ii  414 

88  89 

5  :» 

Ii  4-44 

44  as 

fl.o 

ll  4  44 

51  13 

f«ft 

CORNELL  UNIVERSITY  EXPERIMENT  NO  5  MAY  .'7.  1-r. 


[Length  of  oreMt. 

•1.5'  feet  J 

Head,  in 
foot. 

hi . 

O  j»T  foot. 

41) 

(*> 

« 3  • 

0.5 

0. 454 

1  28 

1  0 

0  47*4 

3.  M2 

1.5 

0. 47M 

7  17 

2  0 

0  4  V.nl 

in  42 

2  5 

0.4474 

14  10 

3  0 

0  4425 

1m  45 

3  5 

0  4424 

2t  24 

4.0 

0  4424 

2'  40 

4.5 

0.4424 

:tl  m7  I 

fill  1 

0.  *424 

30  *1M 

5  5 

0  4424 

45  70 

rt.O 

0  4424 

52  !ii 

Number  of  oriterlnionts,  5. 

Limiting  henna,  l.»w  foot  and  &.IH5  feet. 


4  90- 
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CORNELL  UNIVERSITY  EXPERIMENT  NO.  6— BAZIN’S  SERIES  NO.  163— MAY  27,  1809. 


Head,  in 
feet. 

(1) 

m. 

(2) 

Q  per  foot. 
(3) 

0.5 

0. 5255 

1.50 

1.0 

0.  5288 

4.24 

1.5 

0. 5096 

7. 52 

2.0 

0.4949 

11.22 

2.5 

0. 4848 

15.37 

3.0 

0. 4773 

19.90 

3.5 

0.4708 

24.  75 

4.0 

0. 4661 

29. 92 

4.5 

0. 4620 

35. 40 

5.0 

0. 4585 

41.  14 

5. 5 

0. 4548 

47. 08 

6.0 

0. 4525 

53.35 

Number  of  experiments,  5. 

Limiting  heads,  1.695  feet  and  4.745  feet. 


CORNELL  UNIVERSITY  EXPERIMENT  NO.  6— BAZIN’S  SERIES  NO.  162— MAY  27,  1899. 


[Length  of  crest,  6.58  feet— From  full  line  coefficient  curve  on  plate  138.] 

Coefficients  from  dotted  curve  on  coefficient  diagram,  showing  effect 
of  a  change  of  position  of  the  mean  coefficient  curve. 


Head,  in 
feet. 

1  (1) 

111. 

(2) 

Q  per  foot. 
(3) 

0. 5 

0. 525 

1.50 

1.0 

0. 529 

4.24 

1.5 

0. 505 

7.43 

2.0 

0. 486 

1 1 . 02 

2.5 

0.  476 

15.10 

3.0  : 

0. 4t>7 

19.48 

3.5 

0.  464 

24. 35 

4. 0 

0.  461 

29. 60 

4.5 

'1.459 

35.11 

5.0 

0.453 

41.03 

5. 5 

0.455 

47. 08 

6.0 

0. 453 

53. 35 
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CORNELL  UNIVERSITY  EXPERIMENT  NO.  7— BAZIN'S  SERIES  NO.  I 7m— MAY  2ft.  lwift. 


[Length 

•  if  rrent. 

rt.Ah  f#***t.  ] 

HmiI,  in 
feet 

IN, 

<V  l»er  foot. 

(1) 

(3) 

US 

ft  .04 

1.  US 

1.0 

0. 

3.  44 

I  5 

ft.  444 

ft  54 

f.0 

ft  452 

Ift  2*4 

2.5 

ft  4.57 

14  4ft 

3.0 

ft  4-57 

Ift  i*l 

3  6 

ft  4.5m 

24  i*5 

4.0 

ft  4.5ft 

2ft  4  5 

4  5 

ft  4.5m 

.45  07 

S  0 

ft  4.57 

4"  !*H 

.5  5 

ft.  15ft 

47  17 

6.0 

ft  4.55 

.51  72 

Namlmrof  exjwrlmctitM,  4 

Limit  iisK  liemlB.  2  4W11  feet  itin)  4  feet 


CORNELL  UNIVERSITY  EXPERIMENT  No  7- BAZIN  s  SERIES  No  17&-MAY  30,  1800 


f 

I 

M 
* 
N  . 

♦ 

I 


0.5 

ft  :«ul 

I  11 

Ift 

ft.  42ft 

3  42 

1  5 

ft.  442 

ft  51 

2.0 

ft.  480 

10.21 

2  5 

ft  4.51 

14.:tft 

3.0 

ft  4.51 

1M  1*4* 

3  5 

(t  4.57 

24  i*l 

4ft 

ft.  4.5ft 

2ft  :4ft 

4.5 

ft  .  4  55 

:44  s5 

5  ft 

ft  454 

4ft  74 

5  5 

ft  4.54 

4ft  MM 

6.0 

ft.  452 

.54.  :m 

N amber  of  experiments,  6 

Limiting  lieails,  1  ,(V>7  feet  ami  .*». < >1 1  feet 
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CORYELL  UNIVERSITY  EXPERIMENT  NO.  9— BAZIN'S  SERIES  NO.  173— MAY  31,  1899. 


Head,  in 
feet. 

(1) 

IV. 

(2) 

Q  per  foot. 
(3) 

0. 5 

0.4112 

1.17 

1.0 

0. 4450 

3  57 

1.5 

0. 4480 

6. 60 

2.0 

0. 4374 

9.  92 

2. 5 

0. 4355 

13.  83 

3  0 

0. 4356 

18.16 

3. 5 

0. 4375 

22.  97 

4.0 

0.4410 

28.30 

4.5 

0. 4436 

31.  96 

5.0 

0.  4446 

39.  87 

5. 5 

0.  4446 

46.01 

6.0 

0. 4446 

52.  44 

Number  of  experiments,  4. 

Limiting  beads,  1.677  feet  and  4.842  feet. 


CORNELL  UNIVERSITY  EXPERIMENT  NO.  10 -BAZIN'S  SERIES  NO.  114—  JUNE  1,  1899. 


I*-  Z'bZ-4 


Head,  in 
feet. 

(D 

VI. 

(2) 

Q  per  foot. 
(3) 

0.5 

0. 324 

o.  93 

1.0 

0.333 

2. 67 

1.5 

0.343 

5.04 

2.0 

0. 354 

8. 02 

2. 5 

0. 365 

11.58 

3.0 

0.376 

15.66 

3. 5 

0. 388 

20.37 

4.0 

0. 400 

25. 67 

4. 5 

0.411 

31.45 

5. 0 

0.  422 

37. 86 

5.  5 

0. 426 

44.10 

6.0 

0. 435 

51.15 

Number  of  experiments.  5. 

Limiting  heads,  2.038  feet  and  5.324  feet. 
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CORNELL  UNIVERSITY  EXPERIMENT  NO.  11— BRAZIX'S SEIRES— NO.  11BJUNE  1.  1*08. 


Head,  in 
feet. 

M. 

0  |>er  f<wt 

(1) 

(S) 

(8) 

0.5 

o.  3H9 

1.00 

1.0 

1)  375 

3  0| 

15 

0  87m 

5. 57 

-.0 

0. 3*4 

3  72 

2  5 

o  :tKs 

12  31 

3. 0 

0  t“'. 

10  N» 

3.5 

0.414 

21  77 

4  0 

0  4’” 

27  is 

4  5 

o  42* 

:ti  77 

5  0 

0  433 

3N.H4 

5. 5 

0  LIT 

45  27 

0.0 

0  442 

52  TO 

Nutnlior  of  «•  x  j xt i m** 1 1 1 •>.  5 


Limiting  heads,  1.049  feet  and  5.2TB  feet 


CORNELL  UNIVERSITY  EXPERIMENT  NO. 


Li— BAZIN’S  SERIES  NO.  115-JUKE  2.  1NP0. 


Head,  in 
feet. 

M. 

0  l»er  foot 

_>>■ 

(2i 

(3i 

0.5 

0. 3117 

0.00 

1.0 

n  ,  c;i* 

2  00 

1.5 

0  3170 

4.07 

2. 0 

o.;*iu5 

7  .  04 

2.5 

o  :*s* 

1).  NO 

3.0 

o.:ii;n 

13.00 

3.5 

0  3103 

ltl.  7h 

4.0 

0  3251 

20.  NN 

4.5 

0  :BU7 

25  35 

5.0 

0.  :£io4 

:to.  |n 

5  5 

0.  .3414 

35  33 

0.0 

0  8437 

40  55 

Numlx-r  of  experiment*,  4. 


Limit ilik’  beads,  ii.  1  T."»  ftet  mid  ,’V.Kei  feet. 
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CORNELL  UNIVERSITY  EXPERIMENT  NO.  13-BAZINS  SERIES  NO.  117-JUNE  2,  1899. 


1  I 

Kr - -  6S(t> - 


Head,  in 
_eet. 

(1) 

m. 

(2) 

Q  per  foot. 
(3) 

0.5 

0.338 

0.98 

1.0 

0.352 

2. 83 

1.5 

0. 351 

5. 22 

2.0 

0. 351 

8.05 

2. 5 

0. 355 

11.20 

3.0 

0. 350 

11. 85 

3. 5 

0. 358 

18. 83 

1.0 

0. 300 

23  17 

1  5 

0.303 

27. 81 

5.0 

0. 387 

32. 91 

5.5 

0  .  305) 

38.22 

0.0 

O.mO 

43.  70 

Number  of  experiments,  5. 

Limiting  heads,  1.010  feet  and  1.830  feet. 


CORNELL  UNIVERSITY  EXPERIMENT  NO.  lf-REXFORD  FLATS  DAM— JUNE  3,  1899. 


» 


[Length  of  cres:,  0.58  feet.] 


Eead,  in 
ieet. 

(1.) 

ill. 

(2) 

Q  per  foot. 
(3) 

H.5 

0. 355 

1  02 

1.0 

0. 377 

|  3.02  j 

1.5 

0.  391 

.>.  8o 

2  0 

o.  103 

9.  15  i 

2.5 

0.100 

12.  >0 

3.0 

0.100 

10.90 

3.5 

0. 105 

21 . 27 

1.0 

0. 105 

20.00  ! 

4.  5 

0.101 

5  l.  97  ! 

5.0 

0.  401 

3  >.22  j 

5. 5 

0.403 

41  70  ! 

0.0 

0. 405 

47.50  1 

Number  of  experiments,  6. 

Limiting  heads,  0.921  foot  and  5.118  feet. 


4.  56 
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CORNELL  UNIVERSITY  EXPERIMENT  NO.  I'.  REXFORD  FLATS  DAM.  WITH  UP¬ 
STREAM  El  to  K  <  »F  URES7  ROUNDED  T» »  A  RADIUS  OF  0.32s  FOOT  JUNE  3.  Is:".' 


[Length  uf  cre»t,  058  feet] 


Head.  In 
feet. 

m. 

0  per  foot 

1 

(2) 

• 

0.5 

0.371 

l  01 

1.0 

n  ago 

3  12 

IS 

0.  41 >' 

5  90 

2.i» 

II.  41*  | 

li  25 

2  5 

0  412  1 

13.07 

3  IP 

0.415 

17.  as 

3.5 

o  <15 

21  si 

4  It 

0.415 

2»I  55 

4.5 

0.  414 

31  7t 

5. 0 

0.413 

87  15 

5.5  ; 

0  412 

42  tv. 

A  li  ! 

0  411 

4  S  4s 

NuiuImt  of  experiment*.  4 

Limiting  bead*.  I  7s»i  feet  nml  4.4-'B'  feet 


CORNELL  UNIVERSITY  EXPERIMENT  No  hi  LITTLE  FALLS  DAM.  SECTION  NO.  1 

JUNE  &.  1MW. 


i*- 


*: e  -  -  * 


-<r 

i 

N 

T 

I 


_ V  _ 


Head,  in 
feet. 

(1) 


■  2> 


0  per  fiHit. 

«a> 


0.5  . . . 

10 

o  4:t2 

3  47 

1  5 

o  42s 

#.30 

2  0 

0.  424 

H  U2 

2  5 

o  421 

13  3# 

3. 0 

0  422 

17  58 

3.5 

0.  425 

•M  ;jo 

4  0 

0  42s 

27.  4s 

4  5 

0  431 

:ci  o| 

5  0 

0  433 

3s  S7 

5  5 

0  435 

45.00 

li  0 

0  4: hi 

51.44 

Number  of  experiment*.  4 

Limiting  head*.  1.735  feet  ami  4.330  leet. 
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CORNELL  UNIVERSITY  EXPERIMENT  NO.  17— LITTLE  FALLS  DAM,  SECTION  NO.  2— 

JUNE  5,  1899. 


Head,  in 
feet. 

m.  IQ  per  foot. 

'D 

.  (2) 

(3) 

0.5 

1.0 

6. 415 

3.33 

1. 5 

0. 425 

6.25 

2.0 

0. 430 

9.  7ti 

2.5 

0.432 

13. 70 

3.0 

0.  432 

18.03 

3.5 

0. 432 

22. 66 

4.0 

0. 432 

27.  75 

4.5 

0. 432 

33. 05 

5. 0 

0. 432 

38.  75 

5. 5 

0.  432 

44.68 

6.0 

0. 432 

50. 90 

Number  of  experiments,  5. 

Limiting  heads,  1.067  feet  and  4.336  feet. 


I  >  K  K I 


W  A  TEH  WAVS 


(»S8 

CORNELL  UNIVERSITY  EXPERIMENT  N<  >.  1H  SECTION  <>K  SPILLWAY  <)E  INDIAN 

LAKE  DAM  JUNE  0.  PM*. 


k  —  —  -70 - -  * 


Lc.itftli  of  rr>**t.  I1.5H  U*eL] 


in 

Ml. 

jn-r  foot 

<1> 

(3) 

i3) 

o. 

1  <> 

0. 4TB 

3  S2 

l  1 

o  jim 

«  7* 

2. » 

a  48* 

In  8* 

*.  5  1 

0.  4.'fi 

13  71* 

8.0 

o.  cat 

17.MI 

.1. :» 

I*  427 

22  4 A 

4.0 

0.  42* 

27  4*1 

4  8 

0  421* 

;t*  "1 

5.  n 

a  4251 

:►  4.‘> 

5.  :> 

II.  421* 

44  :t7 

a.u 

0  425* 

SO  « 

Nuinlier  of  t<xprriiiH.'Uts.  '> 

Limiting  1h<*«Ih,  1  -77  r«-*-t  uinl  '>  1n>  f.-.  t 
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CORNELL  UNIVERSITY  EXPERIMENT  NO.  19— SECTION  FOR  SUBMERGED  WEIR— 

JUNE  7,  1899. 


7^ 


Head,  in 
feet. 

(1) 

m. 

(2) 

Q  per  foot. 

(3) 

0.5 

0.367 

1.04 

1.0 

0.394 

3. 17 

1.5 

0. 412 

6.06 

2.0 

0. 430 

9.77 

2.5 

0.439 

13.91 

3.0 

0.443 

18.48 

3.5 

0. 447 

23.46 

4.0 

0.450 

28. 88 

4.5 

0.452 

34.63 

5.0 

0.  455 

40.80 

5.5 

0.457 

47. 28 

6.0 

0.  458 

54.02 

Number  of  experiments,  8. 

Limiting  heads,  0.887  foot  and  4.913  feet. 


H.  Doc.  149- 


44 


DEEP  W ATKHW AYS. 
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CORNELL  UNIVERSITY  EXPERIMENTS  NOS  3*  AND  21  FLOW  OVER  A  STANDARD 
SHARP CRESTED  WEIR  WITH  FREE  OVERFALL  FROM  CURVE  OF  DISCHARGE 
FOR  A  LENGTH  OF  1  FOOT  JUNE  in  AND  12.  1*W 


A 


Lorver  tVe/r.  /enyfh.  6  Si. 


A 


Upper  Atc/r,  /erryA/i,  U  O. 


!  Length  of  cre*t,  6  53  fret. 


Ilonil.  In 

m 

»V  j»*r  foot 

fe*»t. 

(1) 

(t) 

•8) 

no 

0.0 

0.0 

0  1 

0  4280 

0  17 

0.2 

0. 4208 

0  35 

0  3 

0  4268 

i  80 

0.  4 

0  4242 

0  K7 

o  5 

0  43»» 

1  20 

on 

o  105 

1  .58 

0.  7 

o  t.m 

1  06 

OK 

0  4  1 1»4 

2  X 

0  0 

0  list 

2  st 

10 

0.  4174 

3  35 

1  1 

0  4108 

3.  st 

1.2 

0  4168 

4  13 

1.3 

0.  4150 

4  1*7 

14 

0  414.5 

5  :12 

15 

0  4138 

8  lo 

1  K 

0  413' 

8  70 

1  7 

0  4122 

7  32 

1.8 

o  4116 

7  145 

111 

0  lion 

8.  80 

2  o 

0  4108 

l*  :t* 

2  1 

tl  4 In* 

lo  05 

0  1097 

10.  77 

2  3 

o  4086 

11  58 

2  4 

o  4884 

12  :»» 

2.5 

0  OHM 

13  it) 

2  0 

0  401*4 

13  so 

2  7 

o  4084 

14  55 

2  8 

0.  401*4 

15  86 

2  n 

Q  4084 

18  17 

3.0 

0  4*4*4 

17  «c{ 

Head,  in 

PM. 

V  j>er  foot. 

(••et. 

(1) 

(2) 

(3) 

3  1 

0.  4085 

17.88 

3.2 

0.  4*4*5 

18.  75 

3  3 

0.  4*4*5 

IV*  08 

3  4 

0  4*4* 

20.60 

3.5 

0.  4*44* 

21.54 

3  8 

0.  41*C2 

*22  50 

3  7 

0  41*15 

2:1  45 

3  8 

o  inc 

24  42 

3  0 

0  U'4* 

25  40 

4.0 

0  4112 

28  40 

4.  1 

0  1113 

27  37 

4  2 

0  4118 

28  4** 

4.3 

0  4118 

2!'  42 

4  4 

0  4122 

m  52 

4  5 

0  4125 

31  82 

4  8 

0  4128 

32  72 

4  7 

0  4121* 

:ct  si 

4.8 

0  4130 

:u  «0 

4  I* 

0  4131 

35  1*7 

5  0 

0  .4131 

37  OH 

5.1 

0  4133 

38  2** 

&  2 

0.  4131 

:a»  :c: 

5  3 

0  4134 

40  47 

5  4 

0  4i:H 

41  tCl 

5.5 

0.  4135 

42  81 

5.8 

0  4135 

44  On 

5  7 

0  4135 

4.5  20 

5.8 

0  4138 

48  50 

5.8 

0.  4i:t8 

47.74 

8.0 

0. 4138 

48  81 

Numlier  of  experiments.  13 
Limiting  heuiU.  0  740  foot  ami  I  *74  feet 


Photographic  plates  A  and  I>  show  the  lower  end  of  the  lower  chan¬ 
nel  as  it  appeared  on  the  afternoon  of  June  3,  18!M»,  while  the  experi¬ 
ments  on  the  Rexford  Flats  section  were  in  progress. 

It  is  not  the  author’s  intention  to  extensively  review  the  results  of 
the  Cornell  I’niversity  experiments  at  this  time,  any  further  than  to 
point  out  that  they  were,  in  the  fullest  sense,  pract ical  experiments. 


Plate  A. 


EXPERIMENT  ON  REXFORD  FLATS  DAM  AT  CORNELL  UNIVERSITY.  JUNE  3,  1899. 


Plate  B. 


EXPERIMENT  ON  REXFORD  FLATS  DAM  AT  CORNELL  UNIVERSITY  JUNE  3,  1899. 
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Every  attempt  was  made  to  duplicate  dams  as  found  in  actual  prac¬ 
tice,  the  author’s  view  being  that  such  experiments  are  only  of  mod¬ 
erate  value  when  made  with  reference  to  theoretical  conditions  purely 
and  without  reference  to  practice.  A  salient  object  lesson  on  this 
point  is  presented  by  the  revised  curves  on  plates  107  to  126,  inclusive. 

In  experiments  Nos.  7  and  8  an  attempt  was  made  to  gain  some  idea 
of  the  effect  of  a  rough  surface  on  dams.  Experiment  No.  7  was  of 
the  usual  form,  with  the  crest  constructed  of  planed  matched  pine,  as 
already  described,  while  in  experiment  No.  8  the  upstream  face  of  the 
crest  was  covered  with  one-quarter  inch  mesh  galvanized  wire  screen. 
A  comparison  of  these  two  experiments  is  very  instructive.  The 
upper  limiting  head  of  No.  7  was  4.996  feet  and  of  experiment  No.  8 
5.011  feet.  For  5-foot  head,  as  determined  from  the  curves,  we  have 
for  experiment  No.  7  a  discharge  of  40.98  cubic  feet  per  second  per 
linear  foot  of  crest,  while  for  experiment  No.  8,  5-foot  head  gives  a 
discharge  of  40.74  feet  per  second  per  linear  foot  of  crest.  Similar 
comparisons  at  other  heads  show  the  effect  of  the  wire  screen  to  have 
been  but  slight.  The  result  of  this  experiment  was  such  as  to  lead  to 
the  conclusion  that  very  little  difference  would  be  experienced  in  the 
flow  over  a  dam  after  the  first  few  months,  during  which  time  the 
planking,  under  the  smoothing  effect  of  silt  in  the  flowing  water,  etc., 
may  be  expected  to  come  substantially  to  the  hydraulic  condition  of 
planed  boards.  Accordingly,  as  the  time  was  limited  for  completing 
the  work,  no  further  determinations  were  made  on  this  line. 

It  is  recognized,  however,  that  but  for  the  limitation  of  time  set  by 
your  Board  it  would  have  been  very  desirable  to  have  experimented 
somewhat  further  on  a  number  of  additional  forms  of  weirs,  and  it  is 
to  be  hoped,  in  view  of  the  vast  practical  importance  of  an  accurate 
knowledge  of  flows  over  dams,  that  the  Cornell  University  authorities 
will  carry  these  experiments  considerably  further,  keeping  especially 
well  within  the  limits  of  actual  practice  in  the  United  States. 

Experiment  No.  6  may  be  also  briefly  referred  to.  On  referring  to 
the  coefficient  curve  of  this  experiment,  plate  138,  it  will  be  seen  that 
two  coefficient  curves  have  been  drawn.  The  first  reduction  of  experi¬ 
ment  No.  6  has  been  made  on  the  basis  of  the  coefficients  derived  from 
the  full-line  coefficient  curve  on  plate  138,  while  the  second  reduction  is 
from  the  coefficients  from  dotted  curve  in  the  coefficient  diagram. 
The  dotted  curve  shows  that  relatively  a  considerable  change  of  posi¬ 
tion  of  the  mean  coefficient  curve  may  be  made  without  very  greatly 
affecting  the  results.  This  fact  may,  it  appears,  be  taken  to  indicate 
the  essential  accuracy  of  the  values  of  the  coefficient  C  in  the  fore¬ 
going  tables. 
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Taiu  .k  N<\  20.  —  Record  of  precipitation  at  Adams  for  certain  water  years  as  indi¬ 
cated  from  lS7t  to  189#,  inclusive. 
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Table  No.  21. — Record  of  precipitation  at  Addison  for  the  water  years  1891  to 

1898,  inclusive. 


Month. 

1891. 

:!.66 

1.84 

2.89 

2.12 

1.44 

0.32 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

December . .  _ 

January  . 

February  . 

March  ,  _  . . 

April. . . . 

May . . . . . .  _ . 

2.96 

2. 97 
1.58 
3. 68 
0. 94 
5. 85 

0.48 

1.64 

2  27 

2’  62 

3. 50 
7. 87 

1.90 
1.94 
1.89 
1.06 
6. 60 
9.70 

2.93 

3.11 

1.12 
0.88 
1.31 
2.11 

2  92 
L  47 
3. 18 
3. 05 
1.07 
4. 50 

0.88 
1.54 
0.  76 

■>  on 

5. 41 
4.26 

1.91 

3.91 
1.80 
2. 30 
2.51 
4. 12 

Total . 

June  . . . .  . 

July.-- . . 

August  . . . 

Total  .  . . . 

September . - . 

October . . . 

November . . . . . 

12. 27 

17.98 

18.38 

23. 09 

11.46 

16. 19 

12. 14 

16. 55 

. 

2. 05 
2.91 
4.24 

3. 18 
4.94 
3.62 

3.04 
2.37 
3. 69 

1.82 

2.06 

1.44 

4  15 
2.02 
2.82 

5.78 
4. 45 
0. 77 

2.56 
4.52 
2. 05 

3.67 
2. 16 
2.  92 

9.20 

11.74 

9. 10 

5.32 

8.99 

11.00 

9.13 

8.75 

0. 49 
2.94 
1.64 

0. 91 
1,50 
3. 46 

2.34 
2. 89 
1.24 

5.62 

4.03 

1.42 

1  22 
II*  SM 

2.44 

3.67 
5.  73 
0.83 

2.90 

0.94 

3.10 

1.31 

5.99 

2.13 

— 

Total . _ . 

Yearly  total . . 

5.07 

5. 87 

6.  47 

11.07 

4.46 

10.23 

6.94 

9.43 

26.54 

35.59 

33. 95 

39.48 

24. 91 

37. 42~ 

28.21 

34. 73^ 

32760 

Table  No.  22.— Record  of  precipitation  at  Albany  for  the  water  years  1816  to  1898, 

inclusive. 


I 


Month. 

1826. 

1827. 

1828. 

1829. 

18:30. 

1831. 

1832. 

1833. 

1834. 

18.35. 

1836. 

1837. 

1838. 

1839. 

December  -. 

a  2. 70 

1.27 

3. 91 

0.24 

2.44 

3. 95 

1. 57 

3. 34 

1.86 

3.59 

1.19 

3.91 

2.63 

0.95 

January _ 

2.43 

5. 40 

2. 25 

4. 56 

1.76 

1.88 

4.21 

2.63 

1.35 

4.64 

7.30 

2  25 

2.25 

2.17 

February  .. 

1.36 

3.07 

2.53 

3. 26 

1.41 

4.17 

3. 12 

2. 56 

2.04 

1.79 

4.39 

'2.77 

2.20 

1.57 

March . . 

3.81 

2.38 

1.94 

2.78 

4.86 

2.38 

2.  .19 

1.62 

1.60 

2. 60 

1.  70 

3.47 

2.09 

1.52 

April - 

1.77 

4. 60 

2.52 

4.  77 

2.37 

4.59 

2.90 

1.33 

2. 35 

4. 54 

2.30 

1.63 

1.53 

4.75 

May  . . 

0. 76 

3. 43 

4.48 

2.68 

4. 63 

2.88 

2:69 

8.47 

3. 70 

2.71 

3.86 

7.34 

7. 45 

3.83 

Total . 

12. 83 

20.21 

17.63 

18.29 

17. 47 

19. 85 

17.08 

19. 95 

12.90 

19.87 

20.74 

21.37 

18.15 

14.79 

June . . 

6.22 

3. 75 

2. 87 

3. 90 

7.58 

4.04 

3. 57 

2. 32 

6.48 

5. 67 

5. 06 

7.60 

5.12 

July - 

5.33 

5. 43 

5.  40 

3  ty2 

2. 37 

4.32 

4.28 

4.48 

5. 25 

5. 39 

2.43 

4. 38 

1.72 

5.77 

August _ 

2.46 

4.69 

0. 88 

1.46 

1.55 

3.25 

7. 51 

3. 36 

2. 77 

5.34 

2.25 

3. 96 

4.91 

1.24 

Total . 

14.01 

13.87 

9.15 

8.58 

11.50 

11.61 

15. 36 

10. 20 

10.34 

17.21 

10. 35 

13. 40 

14.23 

12. 13 

September . 

3. 58 

5.67 

8. 08 

2.73 

0. 93 

3. 93* 

2.76 

3. 1  r 

2.34 

1.28 

3. 49 

1.95 

4.46 

2.75 

October  .... 

2. 37 

4.65 

1.56 

2.41 

3.  K. 

4.82 

4.20 

7.50 

3.77 

2.20 

3. 99 

3. 59 

3. 32 

1.35 

November  . 

1.56 

2. 76 

4.91 

3. 86 

7.29 

1.71 

3.28 

2.41 

1.37 

2.26 

3. 31 

2.14 

3. 55 

2. 95 

Total . 

7.51 

13.08 

14.55 

9. 00 

11.37 

10. 46 

10. 24 

13.07 

7.48 

5. 74 

10. 79 

7.68 

11.33 

7. 05 

Yearly  total 

34735" 

47.TtT 

41.33 

35787" 

40.34 

41.92 

42.68 

43.22 

30772" 

42.82 

41.88 

42.45 

43.  71 

33. 97 

Month. 

1840. 

1841. 

1842. 

1843. 

1844. 

1845. 

18445. 

1847. 

1848. 

1849. 

1850. 

1851. 

1852. 

1853. 

December  . 

5.09 

2. 95 

4.14 

5. 21 

2.36 

3.59 

1.19 

2.96 

4.31 

5.24 

2.11 

4.41 

2  29 

2. 80 

January  . ... 

2. 16 

4.19 

1. 15 

2. 13 

1.35 

4.64 

3. 03 

2.54 

2.07 

0.  76 

2.81 

0.78 

2. 16 

2.09 

February. . . 

2.44 

2. 12 

3. 21 

3.21 

2. 04 

1.79 

3. 72 

3.80 

2.  37 

1.25 

2. 16 

4.38 

1.46 

3.68 

March . 

3.99 

3.15 

2. 69 

7.37 

1.60 

2.60 

3.34 

4.39 

2.78 

2.  86 

1.96 

0.  94 

3. 13 

2.35 

April  . . 

5. 23 

3.  75 

4. 90 

4.25 

2.  35 

4.54 

0.74 

2.79 

1.08 

0.75 

3.  76 

4.14 

3.85 

3.80 

May . 

5.28 

2.24 

1.44 

2.07 

3.70 

2.71 

3.45 

2.25 

8.11 

5.40 

6.01 

2.61 

2.64 

7. 16 

Total  . 

21.19 

18.40 

17. 53 

24.24 

13. 40 

19.87 

15. 47 

18. 73 

20.  72 

16.  26 

18.81 

17.26 

15. 53 

21.88 

June _ 

:L47 

2. 10 

4.  447 

5. 54 

2.32 

6.48 

3.84 

5. 06 

4.72 

4.45 

5.  72 

4.57 

1.71 

3.48 

July - 

3.40 

1.56 

3.42 

4.42 

5. 25 

5.39 

5. 58 

5.47 

7.92 

0.70 

8.57 

3. 48 

3. 36 

3.31 

August . 

4.77 

4. 27 

4.15 

6.05 

2.  77 

5. 34 

2.07 

1.94 

3.79 

4.83 

2.50 

2. 17 

2. 60 

5. 12 

Total  . 

11.64 

7.93 

12.01 

16. 01 

10. 34 

17.21 

11.49 

12. 47 

16.43 

9.98 

16.79 

10.22 

7. 67 

11.91 

September  . 

5. 76 

5. 65 

6.40 

2. 19 

2.34 

L28~ 

2.22 

3. 56 

3.22 

1.06 

6. 56 

1.27 

1.50 

7.67 

October . 

4.81 

1.34 

4.  22 

5. 72 

3.  77 

2.22 

3. 53 

3. 08 

4.31 

8.04 

4.31 

2.93 

2.38 

2.65 

November. . 

3. 13 

3.34 

4.76 

3. 04 

1.37 

2.26 

5. 37 

2.19 

2.  61 

4.51 

2.20 

5.10 

4.20 

3.33 

Total  . 

13.70 

10.33 

15.38 

10. 95 

7.48 

5.  76 

11.12 

8. 83 

10. 14 

13.61 

13.07 

9.30 

8.08 

13.65 

Yearly  total 

46.53" 

36. 66 

4L9^ 

51.20 

31.22 

42. 84 

38.08 

40. 03 

4L29" 

39.85 

48  67 

36.  78 

31.28 

47.44 

a  Mean  of  seventy  two  years. 
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T.WU.r  N<>.  —  h'lforil  of  pn'fiyihttiou  nt  Alhon)/  for  thr  irntrr  t/rnrs  /. in  1$U8, 

inch/ si  rc — Continued. 


Month. 

IK'S. 

lKVl. 

non. 

1H57. 

1858. 

Im.59. 

lMltO. 

1  Mi  | . 

1M12. 

lMEi. 

1M94. 

lHtitf. 

1M97. 

IfcfotnlHT . 
.Tan  nary 
February 
Mitr<'li . 

April  . 

May  . 

1.15 
2  tt.* 

2.  nr. 

2.43 
*1.  M2 

1 .  »r 

1.84 
3.  a* 

1  ib 

0.54 

2.  as 

1  SI 

3  M2 

1  10 

0  39 
1.83 

1  4* 

5  94 

3.50 

2.0m 

2  IM 

1  25 
7.IH 

4  45 

3.04 
{  B 

1  15 

1  16 
*) 

3  49 

2  :t* 

1  im 

1  94 

1  79 

2  72 
1.74 

2.  14 

II.  in 

1  to 

0  no 

1.  IM 
1  IlM 

2. 17 

3  49 
2.  2m 

4  11 
II  Mil 

3.50 

1  50 

5  24 
2.09 
3. 06 

1  96 

1  111 

1  :ci 

4  Ml 

2  92 

3  95 
1.48 

4  79 

3.  94 

I. 49 

II.  75 
**  21 

2  71 

2  57 

3  4.5 

t  w 

1  9| 

4  4-M 

2  4* 

5  39 

2.04 

1  11 
2.  49 
1.32 

1  49 
2. 17 

3.56 

1  56 
2.  IM 

2  13 
2.  98 
tt  28 

Total  . 

17.96 

11  24 

14  .Vt 

an.  4n 

14  41 

12.41 

7.  1H 

lit  41 

14  97 

18  95 

13  37 

20.80 

111.59 

IM.  98 

.lime . 

2.  99 

t*  M 

3.  It* 

4  91 

3  31 

5  21 

.  1- 

1  9. 

M  70 

1  37 

0  Ml 

3. 04 

1  51 

i  57 

July  . 

:t.  35 

3  «r. 

1  31 

•V 

It  94 

3.  17 

4  55 

tt.  04 

3  92 

7.  si 

1  4M 

3.  7n 

4  IM 

3  IM 

AuKUHt  _ 

0.  IK.* 

3.  75 

10  14 

3.74 

2  !«' 

3.  19 

it  09 

4.  15 

2.  N4 

3.90 

4  91 

l  IK 

2.  73 

7.28 

Total 

tl  88 

14  M 

15.(0 

14  10 

13  15 

1157 

14  12 

11  95 

15  Hi 

12  Ml 

7.  19 

7.  MS 

11.42 

16.08 

Keptemlier 

1  '1 

4  M9 

1.53 

2  44 

4  72 

5  17 

3  14 

1  I* 

1.79 

2  14 

2  7* 

5  95 

l.sa 

<  ctulier 

1  H5 

a  i«l 

2  35 

4  31 

1  7  It 

1  30 

•»  ;£» 

3  23 

3  92 

2  57 

2  56 

4  -Cl 

1.k7 

3  99 

Novemlwr 

3.(11 

:i  27 

2  50 

1  92 

3  It* 

2  19 

3  43 

2  29 

3  19 

5  12 

2  sm 

2  72 

3  22 

131 

Total  . 

M.  72 

14.72 

9  Ml 

7  7fl 

7.22 

M.21 

in  92 

M  till 

7  •*. 

9  45 

■ 

9  SI 

10.  74 

9. 5tt 

Yearly  total 

£1  St* 

4*i  .'ill 

39  42 

42  21 

84  7' 

32  19 

32  22 

an  72 

:t7  99 

40  HI 

2M.  13 

37.85 

:t2  75 

4*1.57 

Month 

|M90 

1M7II 

1M71 

1m72. 

1M73. 

1m74. 

1m75. 

iM7a. 

1M77. 

1m7m 

1*79. 

IMMII. 

1M81. 

December 

1  OB 

1  mS 

2  mm  * 

1  05 

1  itfi 

2  IM 

3  ill 

0  79 

1  11 

0  71 

9  19 

4  23 

2.01 

January 

J  15 

3  2*> 

5  .l" 

2  30 

n  > 

3  ;t* 

3  ill 

2  14 

1  97 

1  95 

4  4.5 

3  54 

2  99 

2.  Mi 

February 

l  9M 

:i  at 

5  19 

2  i  o 

1  74 

2  11 

2  «ai 

1  MS 

4  19 

0  .3*1 

4  12 

2  Ml 

2  c: 

2.50 

March . 

1  88 

2  41* 

3  *4 

7  29 

2  711 

3  115 

l  69 

3  27 

4  2» 

3  33 

2  |M 

3  79 

2  17 

2.  Ml) 

April  . 

t  01 

2  ll» 

2  70 

3  79 

1  Ml 

1  99 

4  97 

3  lEi 

3  51 

1  42 

3  99 

3  17 

2  75 

1  34 

May  ..... 

7  10 

4  57 

1  7M 

4  !»7 

4  79 

1  9m 

2  32 

2  57 

2  mi 

2  77 

3  95 

0  Ml* 

3  35 

8.  HI 

Total 

la  72 

17  til 

21.77 

£.*  (It 

1  .  .7 

15  23 

l.i  Ml 

14  <C 

17  52 

12  25 

19  10 

IS*  35 

Im.  13 

la.  41 

June  . 

(4 

1  :«M 

•  i  h 

7  25 

4  it* 

0  99 

4  71 

3  9H 

4  40 

4  HI 

4  54 

5  92 

*J  •_*) 

; 

July  .  . 

i  hi 

2  Ml 

7  19 

9  37 

:» 

5  97 

il  7m 

2  49 

4  97 

4  m 

5  52 

5  III 

.1  *  H 

«>  ■» 

AuKUHt 

3.  as 

2  M9 

m  47 

|o  50 

4  *4 

2  27 

1  94 

11  55 

0  53 

4  57 

3.  79 

4.25 

2  M4 

2. 117 

Total 

a.  87 

7. 17 

23  14 

27  21 

15  12 

9  23 

13  43 

12  99 

9  90 

l ;  17 

13.82 

1 1  67 

IM.KJ 

8. 06 

Scptemlier 

7  II 

3  86 

6.  (S 

0  K*» 

2  Vi 

4  7m 

4.ol 

2  aa 

5  17 

1  m2 

3  2' 

3  47 

2  Ml 

2.  38 

(Moler  .. 

1  91 

13  *M 

4  05 

3.34 

4  I* 

5  57 

I  77 

5  97 

1  94 

7  Ml 

3  37 

1  24 

2  45 

3.  19 

NovenilHT 

5  4.5 

i.5a 

3  HI 

3  3m 

•»  *  - 
•  ■  14 

3  75 

2  19 

2  29 

2  95 

2  7o 

4  43 

2  5*1 

2  49 

3.  44 

Total 

14  47 

la.tfli 

12  i.; 

7  57 

l.i  m 

14.  lo 

7  97 

III  MU 

9  49 

12  :1m 

II  HI 

7  27 

7.  MO 

9  01 

Yearly  total 

42  0*1 

*3  17 

>«  14  •!« 

Im  59 

:im  .'mi 

4"  211 

37  9o 

:i»i  mm 

17  Ml 

43  ir,* 

10  59 

44  79 

ST  47 

Month 

|HM2 

|MS( 

1m*4 

1mm5 

1MM. 

1**7 

1 MMM 

1  mn9. 

|M!«i 

1*91 

1  '92 

1*4*1 

1*94. 

December 

4  Mi 

•1  -l| 

2  55 

3  30 

1  50 

2  19 

5  43 

3  BO 

2  14 

2  94 

S  23 

0  *2 

2.54 

January  _ 

2  04 

2  43 

2  90 

3  in 

3  no 

3  it.* 

3. 04 

2  M2 

2  2m 

9  12 

4  O* 

1.31 

2.54 

February  ... 

3  31 

3  III 

3.  Mil 

1  3m 

1  40 

2  07 

1  Ml 

•i  y* 

4  14 

2  13 

4  63 

2  91 

March 

1  71* 

1.77 

4  U» 

il  U2 

2  73 

2  90 

.5  26 

1  7tl 

3  72 

3  12 

1  94 

2  HI 

0.  MS 

April . 

1  27 

2  05 

2  09 

2  Si 

3  1.7 

2  49 

1  1*5 

1  S5 

1  iM 

■i  »r 

II  5*1 

2  10 

2.  icj 

May . 

4  15 

3  20 

2.  79 

:  M 

3. 40 

.#  .** 

-  ..  I 

2  9' 

3  32 

5.  19 

1.99 

5. 30 

5  <*i 

4  94 

Total . . 

. 

1«  04 

15  a* 

i'  a 

I  I  lo 

lit  :  it 

15  73 

2"  73 

14.29 

17  49 

.*0  2M 

1*1  94 

15  94 

15  20 

June . 

3.9(t 

It  :»* 

1  Ml 

1  9m 

3  111 

2  99 

3  Im 

9  43 

2.  72 

2. 95 

4  41 

2  92 

21 

July . 

3  97 

5  98 

5  04 

1  tt 

2  5*i 

4  111 

2.  52 

4  19 

2  37 

9  11 

4  22 

1  M2 

2  Hi 

Aiifc'U-t  . 

. 

13* 

3  ill 

5  27 

7  .> 

o.  *7 

4  HI 

4  74 

3  93 

5  99 

5.  vi 

9  70 

7.21 

Tutai . . 

9.  ;o 

15  95 

2  '1 

11  54 

it  us 

:i 

lo  44 

14.25 

in  75 

14  54 

15  31 

11.95 

M.  49 

September  . 

7  79 

3  19 

1  Ml 

2  <<• 

2  51 

1  91 

4  (IM 

.’J. 

M  91 

1.94 

2  IBM 

3  20 

4  IM 

( ictober . 

0.27 

3  49 

8  64 

5  54 

2  43 

•1  •*>( 

9  III 

3  4M 

5  79 

2  13 

0  90 

1  97 

4.92 

November  . 

o  97 

1  14 

3  44 

3  90 

5.  40 

I.  at 

4  4M 

5.  m 

1.18 

2  40 

2. 29 

0  91 

1.99 

Total. 

«.(B 

7.  M2 

7  mm 

11.44 

10.34 

m  62 

15  211 

12.  19 

15.  (45 

9  47 

4.97 

5  7M 

10. 7*1 

Yearly  total  . 

9.  in 

lo.oo  3*  a.  .in  ie 

:ci  :t* 

hi  49 

49  43 

40  97  44  (HI  41.29  37.24  :C(  97 

34  45 

DEEP  WATERWAYS 
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Taele  No,  23. — Record  of  precipitation  at  Alfred  for  the  water  yearn  1889  io  1898, 

inclusive. 


Month. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

December . 

2.55 

2.  72 

3.60 

0.62 

3. 13 

3.02 

4.03 

1.64 

a  2. 90 

January 

9 

4. 06 

4  45 

3  02 

3  39 

2  51 

3  33 

a  3  53 

February  . 

2.31 

4.27 

2.  76 

4. 15 

2.81 

0. 95 

3.28 

1.67 

1.46 

March 

2.54 

3  18 

3  34 

1  35 

1  30 

4  :13 

3  2i 

3  82 

3  56 

2  21 

0  55 

2  23 

8. 09 

1  61 

1  69 

2  09 

2  50 

May . 

2.80 

6.95 

0.60 

5.80 

5. 89 

7.91 

2. 90 

2.62 

3.35 

3.27 

. 

Total . 

21. 68 

14.  56 

19.95 

20.68 

26.31 

13. 17 

18. 46 

15. 92 

17.48 

June . 

5. 66 

3.42 

2. 46 

5.48 

1.93 

2.14 

4.69 

4.07 

2. 97 

3.79 

July _ 

1.47 

1.63 

5.30 

2.14 

3.02 

2.96 

2.60 

4.49 

5. 47 

2.55 

August . 

1.85 

6.17 

5.01 

3.72 

4.95 

0.56 

4.27 

1.11 

1.78 

6.21 

Total . 

11.98 

11.22 

12.  77 

11.34 

9.90 

5. 66 

11.56 

9. 67 

10.22 

12.55 

. 

September  . 

1.82 

9.47 

1  99 

2.04 

4.90 

6.88 

0. 95 

5.04 

2.88 

1.13 

October . 

2.44 

4.79 

2.61 

1.44 

3.30 

3. 64 

1.13 

5. 02 

1.02 

5.12 

November . 

3.48 

1.60 

1.73 

4.31 

2. 98 

1.37 

3.34 

2.15 

a  3. 32 

2. 99 

Total . 

7.74 

15.86 

5. 56 

7.79 

11.18 

11.89 

5.42 

12. 21 

7.22 

9.24 

Yearly  total . . . 

48.76 

32.89 

39.08 

41.76 

43.86 

30. 15 

40.34 

33.36 

39.27 

38.83 

a  Mean  of— 

Angelica .  3.07  3.10  3.16 

S.  Canisteo . 3.56  2.71  3.90 

2 1 6. 63  5.81  7J46 
3.32  2.90  3.53 


Table  No.  24. — Record  of  precipitation  at  Angelica  for  the  water  years  1889  to 

1898,  inclusive. 


Month. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

December . 

a  2. 84 

3.29 

2. 77 

3. 84 

1.13 

3. 53 

2.23 

4.02 

1.64 

3. 10 

January  . 

3. 10 

3. 47 

1.86 

3.27 

2.44 

4.45 

3.35 

2. 34 

3. 12 

3. 16 

1.26 

2. 33 

1.63 

3.  <  Hi 

4.37 

2.81 

1.38 

4.  16 

1.41 

March . 

1. 6? 

2. 63 

62.54 

3. 55 

2. 87 

1.78 

2.86 

4.21 

4.21 

3.39 

April . 

May . 

3. 81 

3.59 

7.38 

2.46 

1.25 

1.57 

7.31 

4.37 
5. 65 

7. 77 
8.82 

2.72 

2.01 

1.58 

1.99 

3.15 

4.07 

2.  72 
3.51 

Total . 

17.80 

22.69 

12. 51 

22.60 

20.83 

29.16 

14. 55 

18.30 

17.76 

17. 29 

June  . 

7.43 

4.52 

3.48 

314 

2. 37 

2.02 

4. 10 

3.26 

5. 56 

5.28 

July . 

August . 

2.60 

2. 94 
6.72 

05.30 
5. 39 

2. 55 
3. 67 

1.79 
5. 22 

4.14 

2.26 

2. 40 
3. 96 

5. 66 
2.63 

5.14 

1.77 

1.79 

8.87 

. 

Total . 

15.03 

14.18 

14. 17 

11.36 

9.36 

8.42 

10.46 

11.55 

12. 47 

15. 94 

. 

September . 

~  2734 

8.72 

1.37 

2.68 

2. 67 

7.14 

1.92 

4.96 

1.  74 

1.93 

October . . 

3.33 

4.72 

2. 61 

2.51 

2. 49 

3.37 

1.32 

3. 18 

0.  85 

4.  76 

November . . 

4.27 

2.28 

2.33 

3.60 

♦> 

1.70 

3.46 

2.08 

3.07 

3.00 

Total . . 

9.94 

15.72 

6.31 

8.79 

7.28 

12.21 

6.70 

10.22 

5. 46 

9.69 

. 

Yearly  total ... 

42.  77 

52. 59 

32.99 

42. 75 

37. 47 

49.79 

31. 71 

40. 07 

Ci 

1 50 

Is 

42.92 

40.88 

a  Mean  of  all  Decembers. 


6  Alfred  record. 
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Table  No.  25, — Record  of  )>rt  cijiitat  inn  at  Arcade  far  the  water  nears  to 

1SUS,  inclusive. 


Month. 

1891. 

1882. 

1  sort. 

1894 

1886. 

1880. 

1897. 

1888. 

Mean. 

1.A4 

4.QB 

l.fil 

3 

2.  OH 

3  n 

1  twi 

1  II 

January  . 

1.82 

2  IB 

1  tin 

3. 12 

8.79 

2. 36 

2  70 

4.28 

4  ot 

2  3R 

i  so 

2  RM 

0.00 

3  80 

1  70 

1  00 

1.87 

1  77 

2  *4 

1  83 

1.118 

3.60 

2.  no 

2.87 

132 

1  :u 

4  47 

0  It 

1  61 

1  86 

3  110 

2  90 

1.87 

7. 1« 

7.28 

10.  (IT. 

1.90 

2.48 

4  :*) 

4 .02 

Total . 

12.  50 

10  21 

22  19 

27  84 

11.84 

17  47 

10 

18.81 

4  iai 

8  83 

3  1W 

5  35 

t  i>4 

3  19 

2. 04 

5  08 

5  11 

4  ..Ml 

2  88 

2  To 

2  :i8 

0  88 

8  :t6 

2. 88 

August . 

R.  (1) 

4.78 

a.  66 

1.R7 

fi.  71 

3.77 

3  02 

0.20 

Total . 

14.80 

18.70 

13.06 

9.  *C 

It  U 

13. 36 

14  til 

14  SO 

*  -  *  *  -  -  -  - 

Baptcintior  . 

I  38 

2.  .'it* 

3  10 

664 

1  01 

0  18 

1  13 

4  77 

2  Itl 

3  as 

3  77 

4  OK 

2  20 

3  22 

O  87 

5  31 

. ...  .... 

Noremlier . 

3  in 

3  88 

1  86 

1  82 

2  77 

66 

4.:* 

3  79 

. 

Total . 

7.  as 

0  fiR 

8.81 

11  98 

K  04 

13  ix 

a  46 

13  87 

. 

Yearly  tt»tal  . . 

;V4  88 

47  48 

44  Irt 

48.84 

80. 11 

43  81) 

37  :m 

48  04 

41.04 

Table  N<>.  2<l. —  Record  of  / ireeijiitatian  at  Auburn  for  certain  miter  i/cars,  as 

indint  ted,  from  MS?  to  IS9S,  inclusive. 


Month. 

1827. 

1828 

1829. 

18C94. 

18:<1. 

IKK 

1883. 

1814. 

IKK. 

1K«. 

1837. 

December . 

1.00 

4  in 

1  06 

0.  00 

4.40 

h  1  62 

1.96 

2  25 

1.88 

l.lCt 

0.57 

January  . 

2  76 

1  85 

2  85 

1  04 

1  88 

1  48 

it  7a 

1  77 

0  7ll 

1  Ifi 

February  . 

1  61 

1.40 

1  77 

0.  48 

2. 50 

1.00 

1.38 

J  ii 

3.20 

1  20 

March  . 

0.93 

1  84 

1  ill 

4  if 

1  19 

1  46 

1  <■» 

1  77 

1  28 

2  50 

2.27 

2  93 

1  48 

1  75 

1  40 

1  06 

1  :«) 

4.08 

2.  80 

0. 50 

May  • . .... ............ 

2  in 

3  21 

1.84 

4  3) 

2  37 

7.82 

2  82 

1  13 

3.80 

4.55 

Total . 

11.46 

15  12 

10.  10 

12  15 

11  if 

15  9R 

9  63 

12.  70 

19  41 

10  :rr 

Juno . . . 

4  88 

3  31 

3  96 

7.  83 

1.43 

1.43 

3  42 

o .;»» 

3  If 

3  U) 

J u  1  \  . . 

2.78 

7  46 

4  07 

2  91 

.3  36 

5.83 

2.  26 

3  12 

1IR 

3  80 

Auk'tM . 

3  15 

4  65 

3.  46 

1.36 

0  75 

3  02 

2. 36 

4.;ti 

2  :t* 

4.55 

Total .... ....... 

10.79 

15  41 

11  47 

12.IW 

11  58 

10  08 

8  If 

13.  81 

0.  38 

11  35 

September . 

2  in 

3  40 

4  3H 

3  25 

3  22 

2  an 

4  14 

2.  If 

3.20 

1  08 

5  7m 

2  7o 

2  7o 

J  05 

3  43 

2  20 

3  05 

2  4!* 

3  SB 

Noveml**r . 

1  56 

1.30 

2  :»• 

3  7u 

2  00 

0. 79 

1.18 

2  8» 

0. 87 

1  81 

Total . 

9  42 

7.42 

9  30 

9.90 

•••••«  - 

7.93 

7.  it* 

7.62 

8.07 

0.50 

8.78 

Yearly  total  ... 

81.66 

37  95 

:»>  83 

M  14 

....... 

30  48 

34  05 

26  1(7 

:4.5a 

If  30 

28.50 

aOnxD'liiCit  Hollow  record. 
b  Mean  of 

Loti  yard  . . . . . . . . .  1.42 

( 'uiiun<lui£ua . . .  1.  Hi 


2)3.23 
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Table  No.  26. — Record  of  precipitation  at  Auburn  for  certain  water  years ,  as 
indicated ,  from  1S27  to  1898,  inclusive — Continued. 


Month. 

1838. 

1839. 

1840. 

1841. 

1842. 

1843. 

1844. 

1845. 

1846. 

1847. 

1848. 

December . . 

1.10 

1.15 

3. 15 

3.10 

2  25 

2.82 

4.22 

4. 55 

1.48 

3.25 

6. 21 

January  . . 

1.13 

2.  70 

3. 10 

3. 48 

1. 25 

2.  74 

2.70 

4.72 

2.46 

2.49 

1.91 

Februarv . . 

1.78 

0.75 

2. 55 

3. 59 

4.10 

2  12 

2. 26 

2.  74 

2. 90 

2.24 

0.83 

March . .  . 

1.30 

1.00 

1.20 

1 . 56 

3.28 

3.89 

5.40 

1.47 

2.28 

1.72 

2.44 

April . . 

0.99 

2.20 

2. 65 

3. 26 

3. 32 

3. 61 

4.68 

2.61 

0.92 

2.68 

1.07 

May . 

1.30 

5. 10 

4.70 

3. 25 

2.67 

5. 12 

3. 51 

2.67 

1.67 

1.75 

6.12 

Total . 

7.50 

13.50 

17.35 

18.24 

16.87 

20.30 

22. 77 

18.76 

11.71 

14.13 

18.58 

7.46 

3  39 

1  30 

3  17 

3  49 

3  03 

2  73 

2  10 

4  03 

July .  - . 

2.50 

1.00 

3.23 

2. 09 

4.43 

2.  (>9 

2. 27 

2. 89 

2.27 

3.  86 

4.99 

August . 

2.64 

3.70 

2.89 

1.15 

3. 89 

3.78 

3.01 

2. 05 

2.58 

3.  70 

3..88 

Total. . 

8. 14 

12. 16 

9.51 

4.54 

11.49 

9.36 

8.31 

6.  70 

7. 58 

9.72 

12.90 

September . 

1.70 

1.80 

2.57 

"  Tiff 

4. 34 

6. 14 

1.51 

"Oo” 

”  4.37 

3.50 

2.  77 

October. . 

2. 35 

1.00 

4.55 

0.90 

3. 97 

6. 40 

3.07 

3. 66 

4.40 

5. 55 

2.  99 

November . . 

2. 00 

2.96 

3.  45 

3.49 

3.59 

6.22 

3.79 

4.27 

3.30 

3.90 

3.00 

Total. . 

6.05 

5. 76 

10. 57 

6.25 

11.90 

18.76 

8.37 

12. 

12. 07 

12. 95 

8.76 

Yearly  total  . . . 

21.69 

31.42 

37. 43 

Ttfmf 

40.26 

48.42 

39.45 

37.49 

31.36 

36.80 

40.24 

Month. 

1849. 

&1884. 

1885. 

1886. 

1887. 

1888. 

1889. 

1890. 

1897. 

1898. 

Mean. 

December . 

4.74 

0.73 

1.64 

2. 78 

2.95 

3. 40 

3.94 

3. 07 

2  92 

January  . 

4.38 

2.96 

2. 78 

3. 82 

3.05 

2.37 

4.31 

3. 89 

February . . 

2. 52 

1.88 

3.  56 

3.03 

4. 49 

1.63 

2.11 

March . 

3.78 

0.86 

1.33 

3.78 

3. 64 

3. 13 

2. 31 

April _ _ 

0.70 

0.30 

2. 61 

3. 69 

1.66 

4. 11 

2.94 

May . . . 

4.30 

3.67 

2.46 

2. 92 

1.56 

4.29 

3.60 

. 

. 

5. 24 

20.42 

10  40 

14  38 

20  02 

17  35 

18  93 

20  01 

June . . 

4.30 

1.68 

3. 10 

3.53 

3. 05 

7.02 

7.49 

3. 72 

July . . . 

0.95 

2.78 

7.83 

6. 97 

2.74 

7.96 

1.32 

August  . . 

1.29 

2.  77 

6.33 

2.49 

3.73 

3.  73 

2.96 

. 

. 

6.61 

Total . 

6.54 

7.23 

14.07 

13.85 

13. 75 

13. 49 

18.41 

. 

. 

11.65 

. 

September . 

5.56 

3.55 

3.28 

4.29 

0.93 

2.27 

4. 10 

tt^t 

5. 30 

October  . . 

4.79 

3.38 

3. 95 

2. 85 

1.75 

3. 38 

0  75 

4.52 

November . 

4.73 

2.05 

2.38 

6. 89 

2. 13 

4.60 

6.07 

4. 49 

3.65 

Total . 

15.08 

8.98 

9.61 

14.03 

4.81 

11.43 

13. 55 

. 

8. 53 

13. 47 

. 

Yearly  total ... 

42.04 

36. 61 

38.06 

47.90 

”35791 

43. 85 

_  45.13 

35.44 

a  Geneva  record. 
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T  vi  LF.  N<b  27. — Jtrconl  of  precipitation  ot  Aron  for  certain  irotrr  years,  os  inili- 

eatvri.  front  isui  to  189s,  inclusive. 


Month. 

1**1. 

1  **■_*. 

1**3. 

1W*5. 

1*10. 

l*C. 

IMIS. 

Mean. 

I  lecemlx'r . 

1  ffi 

II.  t«; 

0.  Ml 

2.58 

o.  TO 

l.llft 

January . 

1.9Q 

2  14 

0.85 

1  0T 

1.07 

1.08 

February  . . . . . 

2.88 

t  r. 

2.  Mi 

ii  ft.  3ft 

0.  Ill 

1.51 

March  . .  . . . 

3  113 

u  iu 

2  id 

3.23 

1.87 

1.  IKI 

April . . . 

1. 13 

ii  to 

2  la 

1.0ft 

1  -.'1 

1  H 

May . . . 

1  63 

4. 00 

4.00 

1  OS 

1. 75 

2  SB 

Total . 

IS.  31 

13  t«'» 

13.07 

10  10 

8.151 

10.80 

June . 

8. 87 

7  77 

1.10 

1  OT 

1.00 

3.  73 

July . 

3  m 

2  VI 

4  sT 

4  iis 

2.00 

August . . . . . . 

3.  in 

4.  HI 

3  02 

0.  00 

it  4.66 

Id  «V4 

14  1*1 

lo.  TO 

0  04 

10  3s 

Heptemlx*r . 

1  *S 

1  10 

I  Ml 

3. 82 

1.42 

3. 12 

^  ^  toln'T  >••••• . . • - •••••• •••«•••• • . . . 

S  4(1 

1.42 

0  40 

1.48 

0  72 

2  72 

Noveinl«*r . 

1.  .Ml 

3.27 

3.  ftl 

1  82 

2.10 

4.  TO 

Total . 

ft.  88 

6  aft 

7.  IS 

4. 33 

lo  on 

Yearly  total . 

28. :ct 

34  72 

• •••  •  • • - 

84  .04 

19  SO 

31  78 

20  .7 

n  Mmint  Morris  rcmril. 


TabLK  No.  2N. — Recant  of  pn  eipitation  ot  Rahhci  nvillc  for  tin  iroti  ryrnrs  tsun  to 

IMS,  i  nclusit'c. 


Month. 

l*«i 

l*»l. 

I*i2. 

l*Cl. 

ism 

l*«ft. 

1MM. 

1**7. 

1808. 

Mean. 

Di‘ceinls,r . 

3. 01 

4  10 

ft.  01 

4  01 

2  02 

ft  ill 

1.72 

.1  $1 

January  . 

3  OT 

i  | 

0  *W 

3  07 

3  20 

3  VI 

ft  01 

i  so 

February  . 

3  IV. 

2  :#• 

ft  Ts 

3.  77 

4  12 

11.  ill 

ii  W 

1  ftl 

March  . 

ft.  01 

4  52 

2  n 

2  18 

1.07 

4  ftS 

ft  lit 

1  52 

1  02 

1  O'. 

4  :ts 

2.20 

1  Ml 

o  To 

2  is 

2  SI 

May . 

6  7ft 

(1.  Ml 

ft  III 

ft  12 

ft.  1* 

2. 30 

2. 70 

•» 

3.84 

* . 

Total  . . 

18  42 

22  71 

25.07 

21.58 

15.20 

SI.  Si 

17.04 

. 

i:  2i 

June  .  . 

ft  04 

0  06 

*  si 

2.87 

ft.  ft2 

2.00 

1  40 

3.  SI 

ii  2.  ftl 

July  . 

1  00 

3.  OS 

4  04 

7  IV. 

2  07 

3  ,<a| 

4.84 

5.  IV. 

1  fte 

August . 

8  «l 

2  10 

ft.trr 

ft  1ft 

1  04 

2.48 

3.00 

2.  Oil 

ft  08 

Total . 

11.43 

«.  44 

14  52 

1ft  "7 

111.  13 

7  70 

8  80 

11.81 

10(18  . 

September . 

-  72 

1  l>4 

1  is 

2.03 

4.88 

2  (B 

5.63 

1  20 

3. 36 

(letolier  . 

6 

2  77 

3  46 

1  Oft 

4  IT 

1  2ft 

2.07 

0  IV, 

4  8ft 

Novemlier . 

4.84 

2.50 

4  28 

2.11 

3  12 

3. 13 

3.07 

5.0ft 

4.31 

vTotal . 

10  30 

•  31 

8.02 

6  OS* 

12. 17 

7.11 

lo  77 

6.00 

11  ftl 

Yearly  total. 

31.17 

46. 1ft 

40  83 

43  88 

8U.  10 

42.0ft 

30.  lift 

38.  83 

54 

a  Pliucnix  record 
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Table  No.  29. — Record  of  precipitation  at  Belleville  for  certain  water  years ,  as 

indicated,  from  1830  to  181f>,  inclusive. 


Month. 

1830. 

1831. 

1832. 

1833. 

1834. 

1835. 

1836. 

1837. 

1842. 

184;). 

1844. 

1845. 

Mean 

December . 

ct2. 54 

1.18 

1.20 

62. 16 

3. 10 

1.04 

2.32 

2.80 

c'2. 97 

3.31 

2.43 

1.70 

January . . . 

0.56 

0.19 

2.35 

1.70 

1.60 

3.99 

1.90 

3. 05 

2.54 

February  . 

0. 18 

1.37 

3.  (50 

1.30 

3. 13 

0. 80 

3. 12 

2.74 

0.22 

March . . 

1.35 

0.37 

1.80 

1.50 

0.  70 

1.15 

2.57 

2. 97 

0.95 

April  _ _ 

0.74 

2.45 

0.  75 

3. 30 

0.84 

2  4‘? 

3.29 

1.51 

May . . . 

1.34 

1  »>f> 

4.40 

0.69 

1.34 

5.42 

O  OQ 

1.60 

3.75 

Total _ 

6.71 

(3.  78 

11.59 

8.65 

16. 10 

16. 14 

15. 18 

11.34 

June  . . 

4.  77 

2.10 

0. 61 

2.56 

0. 89 

3.29 

0  75 

July  . . . „ . 

3.36 

6.48 

. 

1. 15 

1.43 

1.96 

1.40 

3.04 

3.24 

4. 60 

August . 

0.88 

2.53 

2. 12 

0.75 

6.53 

1.35 

. 

2.63 

2.95 

3. 66 

Total . 

11.11 

3.88 

4.74 

9.38 

6.41 

. 

8.96 

9.84 

9.01 

. 

. 

September _ 

4.68 

5.  73 

1.42 

1.38 

2  29 

2.25 

5.  81 

2. 46 

0.19 

October . 

2.45 

5.  91 

2  21 

1.30 

(5.  38 

3. 15 

6. 62 

4.57 

3.43 

N  ovember _ 

4.60 

3.30 

. 

2.31 

2.04 

2.53 

1.20 

. 

4.78 

3.84 

1.14 

Total _ 

11.73 

14. 94 

. 

5.94 

4.72 

11.20 

6.60 

17.21 

10. 87 

4.  76 

Yearly  total . 

27.45 

32.83 

24.88 

21.05 

29.23 

29.11 

42.31 

.35. 89 

25.11 

. 

29.76 

a  Mean  of— 

Lowville . . . 2.36 

Potsdam . 2. 73 


2)5.08 

2.54 

b  Lowville  record. 


c  Mean  of — 

Sacketts  Harbor . . . .  3. 11 

Lowville  . 2.37 

Mexico . 3.42 


3)8.90 

2.97 


Table  No.  30. — Record  of  precipitation  at  Binghamton  for  the  water  years  1890  to 

1898,  inclusive. 


Month. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

December _ 

January . 

February  — . 

March . . 

April . 

May  . . . . 

Total _ 

June . 

July  . . 

August . 

Total . 

September . . 

October . . 

November . 

Total . 

Yearly  total. 

3.15 
3.30 
3.27 
4. 46 

2. 16 
1.16 

3.24 

4.21 

1.90 

3.93 

1.13 

6.08 

1.27 

2.42 

4.16 
2.80 
3.36 

5.16 

2. 91 

2  18 
2.98 
1.51 
3.53 
5.34 

3.31 

3.23 

1.60 

1.58 

2.29 

2.92 

3. 63 
a  1.30 
4.28 
4.68 
0.63 
3.11 

1.20 

1.45 

2.09 

2  92 
2.33 
4.88 

4.  03 
3.93 
2.71 
2. 99 
3.37 
4.02 

17.50 

20. 49 

19.17 

18.45 

14.93 

17.63 

14.87 

21.  05 

4.  77 
2.24 
6. 29 

3. 55 
3.30 
6.59 

5.43 
2. 92 
6. 04 

2.58 

4.10 

4.88 

1.97 

2.88 

1.47 

2.05 

4.06 

3.39 

2.64 

3.85 

1.42 

3.76 

2.54 

1.84 

2.16 

2.05 

6.48 

13.30 

13.44 

14. 39 

11.56 

6.32 

9.50 

7. 91 

8.14 

10.69 

4.04 

4.72 

1.50 

1.54 

4.24 

2.65 

1.33 

1.54 

2.65 

4.50 

1.68 

1.38 

4.98 
5. 62 

1.98 

2.11 

0.82 

2.94 

4.62 

3.68 

2.66 

3.57 

0.82 

2.89 

2.70 
5.  79 
3.15 

10.26 

8.43 

5.52 

7.56 

12.58 

5. 87 

10.96 

7.28 

11.64 

. 

39. 37 

40.40 

38.29 

37.35 

30.30 

36.50 

30.29 

43.38 

36.98 

a  Mean  of — 

Deposit . . . . 1.30 

Waverly . . . 1.30 


a  Mean  of — 

Deposit . . . . 1.30 

Waverly . . . 1.30 


2)2. 00 
1.30 


TOO 
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I  ahi.i:  No.  31. — Record  of  precipitation  at  Bolivar  for  certain  iratrr  years,  as 

indicated,  from  1891  to  1898 ,  inclusive. 


Month. 

1801. 

1802. 

181*3. 

1804. 

1805 

1800. 

1807. 

1808. 

Mean. 

Dei-emlier . 

0  2  .t* 

3  44 

1  21 

4  IK 

5  2  15 

1  Hi 

1.38 

3.  IK 

.lannary . 

n  2.1*8 

2.87 

h  1  10 

3  08 

3  35 

1  98 

2. 31 

3.  HI 

February  . 

<1  4  42 

3  10 

/>4  00 

2.  IK 

0. 05 

2  03 

1  44 

1.70 

^ illTf'll  .  .  •  .  •«■•••  •••• 

2.27 

2.84 

b  2  33 

1.78 

1  56 

3  70 

3  37 

ft  86 

April  . 

a  2  1!' 

II  08 

4  40 

2  52 

1  10 

2  AM 

May . 

ul  'K 

11. IK 

56.70 

2  58 

4  70 

2.80 

3.  4*1 

. 

Total . 

11  2t 

24  31 

10.86 

13  lo 

18.88 

18  78 

20  41 

June  .  . .*... 

2  it 

10  01 

5  2  04 

4  67 

July . 

8  22 

4  14 

62  "I 

1  ;  0 

, 

6  -(*> 

ft  •» 

. . 

A  inrust  . 

5.  IK 

2.  42 

4  12 

3. 70 

1  25 

3’  36 

0.28 

Total . 

13  08 

16  57 

H.  17 

in  21 

18. 

13  00 

13  07 

.  .  .  .  m  .  .  . 

Septem)*er . 

1  Mi 

2  :15 

3  05 

-  . 

4  Mtf 

1  or 

Oc'tolier  . 

2  05 

2  21 

2.  58 

3.72 

1  07 

i  08 

0  :• . 

4. 1C 

........ 

November . 

2  00 

3  17 

1  83 

*  . . 

4  iK 

6  2. 20 

4.60 

3.  40 

Total . 

;  23 

:  73 

8.00 

7  .  IK  j 

11  18 

7. 4A 

0.  *44  . 

Yenrly  total . 

15  15 

48.61 

W  OH 

. 

9).  !tl 

43  35 

34  20 

44  IK 

38. 02 

a  Menu  of 

Humphrey  1  «|  1  82  4  v>  2  17  1  45  S.BO 

Alfre<l —  2  72  2  22  4  27  2  21  11  01  J  ^ 


2>4  *«  4  m  8.82  4.:»  2.  <15  5.14 
2.32  2  IK  4  42  2  1!'  1  'K  2  57 

5  Friendship  rarord 

Tabu  No.  Record  of  precinitatiiai  at  Bridf/ewater  for  certain  tra ter  years, 
as  indicated  from  1888  to  1898.  inc/usite. 


Month. 

1*33 

a  3  81 

2  75 

•1  Ui 

3  37 

1834  PC45  1830.  1837.  1838.  Mean 

LWemlwr . 

January  . 

February  . 

March  . 

5  15  '  8  05 

4.  10  4  10 

1  26  6.01 

1  08  4 

1  00 

0  2  44  1  05  . 

6. 00  . 

0  fir 

**  *  ......  ....  .......... 

1  7*2 

April . 

0.72  2.63  1131 

0  '1  2  10  ft  Cl 

2  40 

May  . 

2  28  . 

Total . 

June . . 

Julv  . 

10  23  17.37  .36.52 

17  70  . 

— 

3.42  3  an  8  .60 

7. 10  3  27  4  70 

2.48  2  211  4.38 

5  85  . 

1  li 

A  intuit . 

1  Ml  . 

Total . 

13.00  0.(11  17.77 

11.86 

September . 

. 

4  70 

1  45 

4.42 

3  01 

2  70 

1  31 
6. 15 

2  20 

1  40 

-  ...... 

1  K-tolier 

4  61 

Novemlier . .  .  . 

Total . . 

Yearly  total . 

2  or. 

0  :i 

1(1  22 

8  *10 

8  00  . 

41  53  36. 62 

iK  1*5 

37.01  . 

44  118 

a  Mean  of 


Hamilton .  3  47  2  37 

Utica . ft!  15  2. 51 

2)  7.  IK  4  88 

3.81  2.44 
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Table  No.  33. — Record  of  precipitation  at  Brookfield  for  certain  water  yearn,  as 

indicated  from  1890  to  1898,  inclusive. 


Month. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

cl897. 

cl898. 

Mean. 

December . . 

<z3. 00 

5. 60 

5. 60 

1.27 

5.29 

1.90 

4.73 

51.33 

3.43 

January  . 

4. 95 

6.22 

3. 94 

1.92 

3.69 

1.  70 

1.50 

5.30 

February  . 

3.56 

5. 06 

0.  74 

3.29 

4.(15 

2.25 

5. 69 

3.60 

March _ _ _ 

4.11 

3.58 

3.97 

2.(18 

2.65 

1.37 

4.23 

2.39 

April . 

3.26 

1.76 

0. 67 

1.71 

2. 18 

2.14 

1.20 

4.39 

May . . 

7.84 

1.96 

7.99 

5. 87 

6.50 

2.76 

1.54 

4.43 

Total . . 

26.72 

24.18 

22. 91 

16.14 

24.36 

12. 12 

18.89 

23.54 

June . . 

4.72 

2.34 

6,  34 

0.  77 

2.20 

1.90 

2.75 

2.57 

July . . . 

1.97 

3.78 

7.34 

4.33 

0. 94 

1.33 

3.29 

2.63 

August . 

6.94 

5.59 

8.31 

6. 65 

1.02 

3.43 

2.82 

1.93 

6.39 

Total . 

13.63 

11.71 

21.99 

11.75 

4.16 

6. 66 

8.86 

. 

11. 59 

. 

September . 

6.36 

1.86 

2.09 

2.62 

3. 56 

1  92 

1.97 

3.01 

3. 74 

October  . 

6.01 

3.70 

2.88 

0.  75 

3.08 

0. 66 

1.37 

0.68 

6.49 

November . 

3.31 

2.92 

3.61 

1.11 

1.95 

3.11 

52. 81 

4.34 

3.32 

Total . 

15.68 

8.48 

8.58 

4.48 

8.59 

5.69 

6. 15 

8.03 

13.55 

. 

Yearly  total . 

56.03 

44.37 

53.48 

32.37 

37.11 

24.47 

33.90 

. 

48.68 

41.30 

a  Mean  of— 

Cooperstown 
Utica . 


b  Mean  of— 

2. 68  New  Lisbon 

3.31  Oxford 


2) 5.99 
3.00 


cBouckville  Record. 


...  2.96  0.95 
...  2.66  1.72 

2)  5.62  2.67 
2.81  1.33 


Table  No.  34. — Record  of  precipitation  at  Burlington,  Vt.,for  the  water  years 

1884  to  1898,  inclusive. 


December 
January.. 
February 
March  .... 

April . 

May . 


Total 


June . 

July  ...... . 

August 

Total 

September 
October  ... 
November 


Month. 


1884. 


2.95 


1885. 


2.60 

2.36 

1.40 
0.  86 
2.53 
2.48 

12.23 

oT.23 
3. 80 

3.41 


8.44 


3.50 
4.77 
3. 94 


12.21 


32.88 


1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

2.07 

1.70 

3.44 

1.63 

1.48 

1.90 

1,68 

1.87 

1.06 

3. 57 

2. 05 

2.  85 

1.06 

1.67 

0.  79 

1.59 

1.98 

1.01 

1.33 

1.87 

3.71 

2.35 

52.68 

1.70 

1.68 

2.21 

1.93 

1.51 

5  1.  46 

2.77 

2. 61 

2.00 

3.26 

4.28 

6.12 

2.16 

10. 43 

11.32 

14.19 

14. 93 

15.  77 

12.39 

1.98 

4.38 

3.95 

6.26 

~b3. 35 

_  L48 

3. 94 

2.23 

1.47 

4.  09 

3. 33 

3.48 

3.22 

2.80 

4.10 

2.48 

6.  76 

3.25 

9. 14 

9. 41 

9.52 

12.83 

13.44 

8.21 

3.73 

2. 01 

5. 68 

4.82 

3.84 

2. 44 

1.25 

1.99 

3.  94 

3.32 

2. 02 

3. 02 

4.29 

4.67 

3.60 

2.46 

2.31 

2.73 

9.27 

8.67 

13.22 

10.60 

8. 17 

8.19 

28.84 

29. 40 

36.93 

38.36 

37.38 

28.79 

Total  . 
Yearly  total 


7U2 

Table  No.  ,51 


DKK 1*  WATERWAYS. 


— Record  of  preeijntation  at  Burlington,  17.,  for  the  wafer  years 
1SS4  to  1SVS,  invliixne — Continued. 


December 
January... 
February 
March  .... 

M1"'" 

MS 


lay 


J  uni' _ 

July 

Atiiruxt 


Month. 


Total 


Total 

September 

October 

Novemljer. 


Total 


lmw. 

lxtn. 

1804. 

1806. 

18M1. 

1807. 

1808. 

Mean. 

2.  a 

1.00 

2  35 

2(t* 

1.74 

0.88 

2. 10 

2  7*1 

0.70 

1  30 

1.31 

II  63 

2. 50 

2.60 

1.  *17 

1  24 

0  Ml 

1  1*1 

I  04 

lit* 

2.08 

o.  in; 

0.52 

1.31 

0.77 

3  .54 

2.  40 

1.04 

1  If 

1.70 

0.  86 

1  *15 

0  *10 

4  01 

2. 33 

4.88 

3. 17 

3  54 

3.  70 

1.25 

5.00 

2.14 

12  .88 

8.  :« 

10  as 

10.70 

0.70 

15.91 

13.19  . 

6.72 

1.73 

1.45 

2  78 

3. 18 

5.  (Cl 

2.  03 

7  Ml 

:i  74 

1.57 

2  4*1 

:i  <1 

8.48 

1  51 

/>  7  18 

8.31 

1  411 

4.H4 

4.1*1 

4.08 

4.58 

-■1 

18.  7* 

.  51 

10  It* 

11.06 

18. 19 

9.08  . 

*M 

62  12 

6*  71* 

3  64 

:»  5<t 

2  13 

5  01 

M  12 

1  72 

:i  so 

o  23 

2  51 

i  a 

4.01 

:i  -jh 

1  41 

1  Ml 

4  » 

2. 43 

4.41 

1  on 

■  .12 

8.34 

8.  10 

B  56 

8.07 

10  .92  . 

42«» 

27*1 

23 

28.97 

20  :*> 

42. 17 

33  13 

32.77 

n  Keene  Valley  record. 


h  PlattHlui rK,  N  Y.,  record. 


Tabi.e  No.  Jtt. — Ret'tirtl  of  precipitation  at  Cambridge  for  the  water  years  IS??  to 

IS. !V,  iuchtsire. 


Month. 

1827. 

1828. 

1820. 

1830. 

1.831. 

1*12. 

1834 

1<44. 

18.37. 

1896. 

1837. 

1838. 

1830. 

Mean 

December . . . 

o2.36 

4.25 

0.  43 

3.  12 

5. 60 

2. 50 

2  51 

1.17 

108 

0  92 

1  52 

2  1' 

2  1*1 

2  3*1 

January  .... 

r.  43 

2  41* 

4  n* 

1  M* 

1  Ml 

4  17 

1  94 

1  41 

4  27 

6.  .88 

2  70 

3.  or. 

2.  47 

3.  ::*i 

February 

2  07 

2  00 

2  2.7 

2  I** 

2. 65 

4  16 

i  « 

1  70 

2  1.7 

4  15 

3  td 

2  55 

1.88 

2  61 

March . 

2  61 

1  30 

2  4*1 

2  29 

.1  6o 

3  67 

2  I*' 

2  4.1 

2  2o 

o  06 

2  30 

o 

o  or, 

!•* 

April  . . 

7  24 

1  77 

4  85 

1  24 

3  20 

4  HI 

1  37 

2  .78 

1  95 

2.  It* 

2  90 

0.  It* 

0.  40 

3.3*1 

May . 

3  68 

4  27 

3  77 

1.8.1 

2  :»• 

3  30 

0.67 

2  56 

2  65 

2  65 

4.50 

4.04 

2  17 

3.65 

Total  .. 

25.20  1*1  06 

17  HO 

12  41 

10  25 

21  80 

10  49 

11.85  15.18 

17  64 

17. 66 

13.  .V. 

10.  Ml 

17.46 

4  40 

5.  3*1 

4.07 

5  15 

3  80 

1  70 

3  70 

2  74 

6  25 

3.77 

2  80 

8.78 

7  it; 

4  Mi 

July  .  5.U1 

4.01 

2  50 

3  66 

5  70 

4  37 

4-  36 

2  68 

4  48 

2  :»i 

2  80 

2.  4*1 

5  48 

3.91 

AuitiiHt 

4  U2 

5  74 

0.81 

1  a* 

4  72 

rt  S3 

11.74 

1.37 

5. 30 

1.66 

2  53 

8.  *12 

2.31 

3.M* 

T..tal  .  13  52 

15  81 

8.28 

111  "1 

14  31 

12.  88 

14  80 

6. 70 

16  ill 

7.79 

8. 13  111  so 

14  81 

12  55 

September 

3  66 

6  tl 

3  :»* 

3. 50 

4  22 

3  22 

2  70 

3  47 

I  10 

2.44 

— 

1  15 

4  10 

3.  17 

3.27 

t  >c  tolwr 

4.72 

2  47 

3  Ut 

3  35 

4  22 

4  22 

8  37 

4  21 

2  67 

3  10 

2  28 

3  1.7 

1  lo 

3.  60 

November 

2  OB 

6.83 

3  94 

3  37 

3  or. 

4  22 

3  13 

2.  05 

2  1*1 

2  48 

1.80 

3.58 

2.  48 

3.29 

Total  ... 

11.31 

15  HS 

10  27 

10  -11 

12.30 

11  76 

14  27 

0.  73 

5.77 

8.  It 

5  23 

10. 83 

6.75 

10. 16 

Yearly  total 

.70. 12 

47.50 

36. 35 

32  62 

45  1*5 

l'.  u 

48  66 

28  37 

86. 1** 

33.46 

an.' 91 

44  24 

40  62 

i<>  i; 

a  Mean  of  twelve  year*. 
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Table  No.  36.—  Record  of  precipitation  at  Canandaigua :  for  the  water  years  1829 

to  1838,  inclusive. 


Month. 

1829. 

1830. 

1831. 

1832. 

1833. 

1834. 

1835. 

1836. 

1837. 

1838. 

Mean. 

December _ 

a  1 . 05 

2.17 

2. 75 

1.81 

2.63 

3.86 

2.21 

2. 05 

1.59 

2.85 

.January . . 

3.15 

3.84 

3.32 

2.32 

1.71 

2.34 

2.64 

6.00 

2.62 

1.95 

February . . 

2. 80 

1.60 

2. 49 

3. 86 

3.20 

3. 95 

3.49 

4.25 

1.90 

March  _ . . . 

2. 87 

2.70 

2.03 

1.11 

0. 85 

3.  41 

3. 12 

2.37 

2.62 

2.01 

April . . 

3  27 

1.48 

3.76 

2. 21 

1.46 

3. 13 

3.76 

3. 80 

1.10 

2.80 

May . 

2. 60 

4.67 

3.20 

3.64 

6.  87 

3.60 

4.30 

7. 95 

3.35 

5.10 

— 

Total . 

15. 80 

15.96 

17. 55 

14. 95 

16.72 

20. 00 

19.98 

25. 66 

15. 53 

16.61 

June  . . 

1.47 

7.  78 

4.49 

1.15 

2.85 

1.80 

3.80 

5.10 

3.72 

6. 75 

July . . . . 

3. 03 

3. 58 

3.91 

3.30 

4.91 

3.36 

4. 05 

3.18 

2.10 

August . 

1.34 

1.42 

3. 78 

3.03 

4.35 

4. 75 

4.42 

1.60 

4.73 

1.96 

Total . . 

5.84 

12.  78 

12. 18 

7.48 

12.11 

9.91 

12.27 

7.45 

11.63 

10. 81 

September. . 

3.54 

1.70 

3.01 

2.00 

3.54 

2.90 

3.70 

2.00 

4.00 

1.67 

October 

2. 15 

2. 08 

3.90 

2.11 

3. 85 

2.31 

4.00 

3.60 

3.99 

N ovember  _ 

1.  75 

3. 50 

3.11 

2.59 

2.40 

3.11 

3.06 

1.25 

3.81 

3. 17 

Total.  . . 

7.44 

7.28 

10. 02 

6.70 

9.79 

8.32 

10. 76 

6. 85 

11.80 

9.50 

Yearly  total . 

list  os’ 

36. 02 

39. 75 

29. 13 

~38 y&r 

38.23 

43. 01 

39.96 

38.96 

36. 92 

36.97 

a  Auburn  record. 


Table  No.  37. — Record  of  precipitation  at  Canton  for  certain  water  years  as  in¬ 
dicated  from  1889  to  1898,  inclusive. 


Month. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

3.63 

1.94 

3.31 

1. 09 

2.  .35 

6.31 

0.80 

3.21 

6.13 

4.46 

2. 57 

2.87 

1.68 

2. 30 

2. 25 

62.58 

6.  76 

February . 

2.52 

4.19 

1.86 

1.34 

1.94 

2. 55 

5.45 

1.65 

3. 13 

. 

March . 

0. 91 

1.  68 

2. 61 

2. 52 

0.92 

2.00 

4. 49 

62.95 

1.47 

April . . . 

2.61 

2.14 

2.43 

1.37 

2.29 

i.  59 

2.47 

2. 66 

3.16 

1.47 

May . . - . 

3.25 

4.  76 

1.44 

5.21 

7.21 

4.11 

1.67 

1.51 

3.49 

2. 69 

. 

Total . . 

18.10 

20. 86 

12. 85 

16. 62 

15. 13 

. 

13.34 

22. 67 

14.63 

18. 73 

June _ _ 

6.70 

3.33 

1.46 

7¥l 

3.05 

2. 20 

2.34 

3. 39 

2.50 

3.93 

July . . . 

8. 25 

3.80 

6.25 

3. 98 

_ 

2. 92 

2.96 

3.25 

7.58 

1.96 

_  _ _ _ 

August . 

2.08 

4. 19 

6.06 

8. 93 

. 

0. 85 

5.14 

3.89 

3.33 

6. 00 

. 

Total..  . 

17.03 

11.32 

13. 77 

19.72 

5. 97 

10.44 

10.53 

13.41 

11.89 

2.67 

4.94 

1.33 

2.68 

3.36 

5.03 

5. 46 

1.24 

6.63 

October _ 

3.52 

2.28 

3. 12 

1.61 

4.23 

0. 53 

1.02 

0.64 

4.35 

N  ovember . 

3. 59 

4.06 

3.06 

4.19 

. 

2.  75 

5.42 

3.26 

5.38 

2. 01 

. 

Total. . . . 

9.78 

11.28 

7.51 

8.48 

10.34 

10.98 

9.74 

7.26 

12.99 

. 

Yearly  total . . 

74.91 

73. 46^ 

34. 13 

44.  82 

. 

. 

34. 76 

42.94 

35.30 

43. 61 

40.49 

a  Mean  of — 
Utica ... 
Palermo 


6  Mean  of — 

3.12  De  Kalb  Junction 

2. 25  Potsdam . 


2.47  3.19 
2.70  2.70 


2)  JL37 
2.68 


2)  5.  17  5.89 
2.58 


704 


DKKI 


WATKRWAVS 


Table  No.  38. — Record  of  precipitation  at  Cazenoi'ia  for  certain  uniter  years  as 

indicated  from  1830  to  inclusive. 


Month. 

i  1KKI. 

1K11. 

1H32. 

1X33. 

1H34. 

1X35. 

1K10. 

1K17. 

1X38. 

1X30. 

December . . 

•  1  114 

a.  27 

0. 

2T> 

3. 50 

2.  or. 

2.30 

a  mb 

(i  0.  h7 

2.  47 

1. 14 

January  . 

8. 4ii 

8.40 

1  1*4 

1  42 

1  50 

1  44 

2.  73 

2.00 

4  .58 

February  . 

0.  HI 

2.01 

3 

10 

111 

1  .38 

1  01 

2. 25 

1  33 

1  21 

1  HH 

1 

:il 

•»  Til 

n  Mi 

2>  kTi 

1 

•»  .V* 

April  . 

2  111 

i  B 1 

■j 

42 

1.0H 

2  4H 

4  00 

1.84 

1.78 

1.78 

May . 

a.  r>i 

2. 21 

3.00 

5  20 

8. 42 

2.77 

3. 53 

0  42 

4  07 

Total . 

14  (C 

17.  f 

|H 

12.08 

15.00 

ii  an 

13. 5x 

13. 87 

15.  20 

15  85 

•Tuno  . .  ... ... . 

7.08 

6.  lo 

•1 

20 

2  7H 

5  10 

5  07 

5.  S3 

7. 06 

4.  HO 

A.  OB 

4  54 

4 

35 

0.  .31 

1.80 

3.(0 

4  HH 

3.  IX 

3  28 

Autfu-t  . . 

2  14 

8. 73 

0  04 

2  70 

2.  :t’ 

4  24 

4  27 

5.01 

2  00 

Total . 

14  20 

IS.  :I7 

13  10 

11  HH 

0  22 

13  24 

... •••• 

14  08 

17.1*4 

10.  74 

8epteml«er  . 

4  <11 

2  04 

2  05 

4 

22 

4  45 

1  07 

2.  63 

2  31 

2  03 

Octolier . 

U 

am.  amt 

8.  60 

o 

70 

i 

.Mi 

3.  04 

2  53 

5.  20 

4  44 

i  :m 

November . 

4  Hi 

2  70 

3  02 

•« 

10 

2  .'in 

1  50 

2. 58 

a.  55 

4.  m 

Total . 

11.13 

0.30 

0 

27 

11 

•  IX 

10.77 

- - 

8.00 

. 

ID  50 

10  30 

8  20 

Yearly  total _ _ 

39.  4<; 

40  ai 

34 

54 

:<x  12 

34. 2# 

32  X2 

. 

;8».  or. 

42. 03 

34.  hh 

Month. 

1x40. 

1841. 

1x42. 

1x43. 

1X44. 

1X45. 

1X40. 

1X47. 

1H4H. 

1X40. 

Mean. 

December . . 

2  :*i 

3.  40 

38 

2 

:c< 

2  lit 

1  .98 

2  20 

8.28 

5.  SB 

January  . 

1  70 

2  70 

i.te 

3.  00 

2  HO 

3  .  L* 

2  41 

1  H5 

2.47 

1.00 

February  . 

2  * 

0  55 

6.08 

2.70 

1.80 

3.  07 

2.  50 

3  .*41 

1  70 

0.80 

March  . 

a  ll 

4  ;<s 

2  M 

3  7n 

2. 50 

3.  Hi 

2  21 

1  Hi 

3  40 

2  00 

April  . . . 

10  40 

2  h& 

2. 20 

2 

27 

1.85 

3.  70 

1  44 

1.51 

1.04 

1.00 

May . 

8  42 

2  32 

1.04 

1 

50 

7.00 

4  05 

4  48 

1  H2 

5  11 

4  25 

Total . 

23  40 

10  20 

1 

00 

10  40 

18 

17 

*1.80 

15.00 

12.  H7 

17.04 

17  17 

June . . 

4  81 

3  III 

»  1H 

4 

3. 84 

3.:n 

3.  IK 

3.25 

4  24 

5. 04 

July . 

4  IH 

2  7m 

0  30 

4 

ie 

5  te» 

3. 20 

4  07 

3  21 

5  75 

0  HI 

AmiruMt . 

2.  58 

2  20 

0  111 

0.01 

3. 

13 

2  40 

4.34 

1  72 

8.87 

4.07 

Total . 

11  20 

H.  HH 

15.  40 

14  HO 

12. 30 

0  07 

12  :w 

8  20 

13. 80 

11.11 

September  . 

a  ho 

1  07 

i  27 

0 

43 

1.88 

3  53 

4  50 

5. 30 

3  10 

2  .VI 

<  H-tolier . 

3.  tit 

I.XO 

4  ii> 

4 

40 

1  32 

3  20 

2.  01 

4.61* 

2  11 

o.  mi 

November . . 

1.40 

3  41 

2.  :fl* 

4  OH 

i«, 

2  On 

4.2X 

8.  HO 

2.41 

2  87 

Total . 

H.:e 

7.  It* 

12  74 

15  57 

7. 7h 

o  a* 

11  45 

13  00 

7.82 

12.10 

Yearly  total _ _ _ 

42  t*' 

82  :t* 

40  22 

40  02 

tx  .1 

40  <11 

:*.x4 

34.70 

SB  42 

40.44 

88.76 

<i  OmuitluKu  Hollow  record*. 
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Table  No.  39. — Record  of  precipitation  at  Cherry  Valley  for  certain  water  years, 
as  indicated,  from  1827  to  1854,  inclusive. 


Month. 

1827. 

1828. 

1829. 

1830. 

1831. 

1832. 

1833. 

1834. 

1835. 

1836. 

1837 

1841. 

December . 

.<(  1.  (li 

3.60 

0.15 

2.78 

4.38 

3.05 

a2.80 

3 

.70 

O 

52 

1.26 

3. 51 

52.16 

January . . 

5.54 

1.  07 

6.33 

2.  78 

3. 87 

2. 89 

1 

.  75 

3.24 

:,iil 

3.  ,33 

February . 

7.  oo 

1 . 56 

4.26 

<  1.  7b 

3.41 

1 . 93 

1  60 

1  46 

3  20 

0  £4 

March . 

2. 65 

1.22 

4.28 

4. 85 

2.64 

1  56 

O 

.65 

O 
~  . 

10 

1  22 

3.31 

April . 

4  oo 

2. 34 

2.02 

2.01 

6.23 

1.95 

4 

.13 

3.43 

2.35 

4.45 

May . 

1.  n5 

2. 95 

4. 98 

3. 34 

4.20 

. 

8.39 

4.58 

1.61 

2. 80 

. 

- 

2. 15 

Total  - . 

22. 33 

13. 34 

22. 02 

16.52 

24.  73 

. 

18.52 

18 

.50 

14. 

36 

15. 84 

. 

16.24 

June . 

4.93 

5.21 

3.91 

6.14 

4. 58 

3.41 

3.91 

6. 

92 

5. 68~ 

4.05 

July . 

6.22 

5777 

2. 96 

6.11 

4.02 

6. 89 

O 

81 

3. 

71 

2.97 

3.30 

August... . 

5.98 

2. 15 

2.05 

1.46 

3. 95 

. 

2.82 

1 

45 

5. 

17 

2.46 

. 

2. 57 

Total  . . 

17.13 

13.13 

8.92 

13.71 

12.55 

13. 12 

8.17 

15. 80 

11.11 

9.92 

September  . . 

5.  78 

5. 53 

4.29 

3.97 

3. 97 

4. 10 

3.26 

1 

2.  74 

3.25 

October  . 

4.81 

2.07 

3.28 

3.88 

5.40 

4  XR 

3  67 

1.  78 

4.60 

2  25 

November . 

1.67 

3. 77 

3.26 

5. 37 

3.  72 

2.49 

1.37 

2.44 

1.52 

4.12 

Total . 

12.26 

11.37 

10.83 

13.22 

13.09 

11.47 

8 

30 

5.98 

8. 86 

9.62 

Yearly  total. . 

51.72 

37. 84~ 

41.77 

43. 45~ 

50.37 

. 

43.11 

34. 97 

36. 14 

35.81 

. 

35.78 

Month. 

1842. 

1843. 

1844. 

1845. 

1846. 

1850. 

1851. 

1852. 

1853. 

1854. 

Mean. 

December . 

4J5 

3.93 

2. 55 

0. 81 

1.35 

6.20 

January _ _ 

2.07 

1.85 

2.55 

0.98 

0.7.8 

February . . . 

4. 91 

2. 14 

0. 87 

3.71 

3. 19 

March . 

3.88 

2. 85 

3.02 

0. 94 

3.47 

April . . ----- _ 

3.03 

3.45 

1.70 

3.02 

4.01 

May . . . 

1.80 

9  79 

7.30 

2.75 

2. 

90 

4.07 

2. 68 

Total  . 

20.34 

19.66 

17.82 

14.29 

* 

. 

— 

3.93 

2.53 

O 

47 

1 

.42 

4.34 

July . ------ _ 

4.18 

4.36 

3. 05 

81 

O 

.68 

August _ .......... 

4.54 

5.27 

2.46 

2.44 

3.11 

Total  . 

12.65 

14. 64 

10.  70 

9.15 

September  . . 

6.91 

2.70 

2.35 

4.36 

0.94 

1.63 

October . . . 

3.73 

4.87 

2.14 

3.62 

*) 

4. 17 

November . . 

3.52 

3.63 

2.97 

3. 14 

3.70 

Total . 

14.16 

11.20 

7.46 

12.44 

Yearly  total __ 

45. 50 

35. 98 

35.88 

41.10 

a  Hart  wick  record. 


b  Mean  of — 

Utica  . 3.09 

Fair  field . , .  1.05 

Oxford . C . 2.35 


3)  <148 
2.16 
45 


II.  Doc.  149 
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Tablk  No.  40. — Record  of  precipitation  at  Clinton  for  certain  voter  yearn,  as 

indicated,  from  ISM  to  1865,  inclusive. 


Month. 

1851. 

1852. 

1858. 

1854. 

1855. 

1850. 

1857. 

1858. 

December . 

n4.  74 

3.(18 

5. 10 

1.49 

2. 05 

3.81 

3.03 

4.78 

January . 

1.  40 

2.86 

2.  40 

2.  00 

4  11 

1  20 

1.46 

2.  43 

February  . 

8.  80 

2.  48 

it  3  08 

2.  UP 

1  10 

1.30 

2.  PO 

2.01 

March  . 

1 

3  55 

2  78 

4  30 

0.80 

2.  :c.’ 

3. 03 

1  41 

pri  1  . 

a  3  72 

3. 91 

3  70 

8.  IP 

0.  42 

2.41 

9. 18 

4  37 

May . 

2  52 

4. 12 

4.01 

2.  70 

2.  15 

4.82 

4.00 

4  73 

Total . . . . . 

17.  P.1 

20.00 

21.  TP 

22  :tl 

11.28 

15.80 

24. 92 

19.73 

June . 

4.  PO 

8.  IIP 

2  75 

1  81 

8  12 

2  05 

8.51 

4  20 

July . 

5  37 

4.36 

8.08 

2  70 

8  03 

1.42 

4.68 

4  18 

AuKuat . 

2  «t 

2.80 

4  58 

2  00 

8.50 

3.07 

7. 15 

3. 34 

Total . 

13  21 

11  15 

in  11 

10.17 

IP.  74 

7.14 

20. 34 

11  72 

Sc|>tenil»er . 

2  77 

2  UP 

6  75 

3  92 

4.  0*1 

.1  72 

4.40 

3  28 

3  06 

6  37 

8.30 

t  88 

7  21 

1  17 

0  11 

4  21 

Novell) t«T  ..................... _ _ 

4  tv 

5.  00 

8.06 

2  72 

3.80 

3. 05 

3.  PI 

3  94 

Total . 

10.  ft* 

i4.ee 

13  11 

P  r: 

15  70 

8.54 

14.72 

11.47 

Yearly  total . 

41  > 

45  17 

r.  :u 

41  K2 

40  73 

31.54 

50  98 

12  « 

Month. 

iwe. 

1M0, 

lHOl. 

1*02. 

1868. 

1804. 

1805. 

Mean. 

D»‘otinil«,r . 

3  UP 

i  > 

2. 33 

61.44 

2  w 

4  50 

2.88 

.January . . . . 

3  113 

1  23 

2  PO 

5  i" 

2  N 

2.  42 

February  . 

1..U 

lie 

1  80 

2. 02 

1  ol 

t  66 

March . 

3  7H 

1.80 

2.  40 

2  'i 

l  7p 

o 

April . . . 

5. 86 

1.72 

1  46 

1  o: 

2 

Miiv . . 

2  28 

5.25 

1  PI 

2.97 

3.73 

Total . 

86 

15  00 

11  PI 

17  :*7 

10.  30 

Julie . 

0  75 

3  OP 

2  31 

1  08 

1.  15 

July . 

4  73 

0  12 

3  ill 

5  40 

2  39 

Auifnat . 

3  B 

4  20 

1.52 

.  M 

7.50 

Total . 

14.81 

14  01 

0  *4 

12  98 

11. 10 

Seiitemlier . 

&  36 

4  •« 

1  4P 

2  47 

2 

*  tetober . 

2  09 

.1  77 

4.65 

2. 97 

3. 55 

November . . . 

4.65 

6.  OH 

4  *4 

2.75 

8  oi 

Total . 

12  7U 

16. 07 

10  P8 

8  IP 

'.l  31 

Yearly  total . 

48  86 

45  08 

2P.78 

38.  54 

37.31 

........ 

42  08 

n  Mean  of  — 


Oxford . 

4  28 

4  13 

Potnpey . . 

.  4  .22 

3  10 

2.  04 

Cherry  Valley _ 

. 5.53 

3)  14.21 

4.74 

2)7.44 

3  72 

6.17 

3.Uh 

b  Mean  of 

Oooperatown . . . .  1.  TH 

Mexico . . .  1.10 


2)  2.88 

1  44 
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Table  No.  41. — Record  of  precipitation  at  Constableville  for  the  water  years  1S89 

to  1893,  inclusive. 


Month. 

1889. 

1890. 

1891. 

1892. 

1893. 

Mean. 

December . 

a2. 68 

6. 14 

2.72 

5  39 

1  15 

.January . . . 

4.05 

•  7.24 

5.84 

6  89 

hft  78 

February  . 

5. 46 

5.93 

8  24 

3  48 

4  19 

March  . . . . . 

1.21 

3. 02 

5  12 

4  37 

1  87 

April . 

1.94 

3. 76 

2  95 

2  18 

2  62 

May . 

3.06 

8.43 

1.63 

6.64 

4. 87 

Total . . 

18.40 

34.52 

26. 50 

28.  95 

18.48 

June . 

5. 86 

3.90 

3.23 

65.43 

2.93 

July  . . — 

7.13 

8. 45 

5.  76 

5.  45 

2.04 

August . . . 

1. 65 

5. 56 

4.34 

8.19 

6.00 

Total . 

14.64 

17.91 

13.33 

19.07 

10. 97 

. 

September . 

3. 15 

8.53 

3. 06 

I 

October  . 

4.58 

3  12 

1  83 

. —  — 

November... . 

6.26 

4.72 

6.47 

2.  70 

.  .  ' 

Total . . 

13.99 

19.30 

11.34 

7  59 

Yearly  total . 

47.03 

71.73 

51. 17 

55. 61 

56.38 

a  Mean  of — 

Utica _ 

Palermo 


3.12 

'>  or. 


b  Turin  record. 


2)5.37 

2.68 


Table  No.  42. — Record  of  precipitation  at  Cooperstoum  for  the  xvater  years  1854 

to  1898,  inclusive. 


Month. 

1854. 

1855. 

1856. 

1857. 

1858. 

1859. 

1860. 

186L 

1862. 

1863. 

1864. 

1865. 

December . 

al.38 

2.30 

4.13 

2.65 

3.32 

2.82 

3.02 

1.45 

1.78 

1.34 

3.94 

3.27 

January  . 

2.10 

3.34 

1.12 

2.36 

1.77 

2.53 

0. 32 

2. 00 

3.  66 

4.04 

1.68 

2.23 

February . 

3. 46 

1.23 

0. 60 

2.15 

1.66 

0.94 

0. 71 

1.30 

1.73 

2. 32 

0.85 

1.60 

March . 

3.33 

0.61 

1.54 

1.83 

0.97 

3. 95 

1. 05 

2.71 

3.80 

2.  92 

2  29 

3.45 

April . 

7.12 

4. 15 

3.42 

5. 53 

2. 66 

4.19 

1.55 

3.92 

1.90 

0. 92 

2. 19 

2. 19 

Mav . 

3.11 

2. 20 

4.44 

5.63 

4. 65 

1.97 

1.83 

3.14 

1.40 

6.28 

3.40 

4.92 

Total . 

20.50 

13. 83 

15. 25 

20. 15 

15. 03 

16.40 

8.48 

14.52 

14.27 

17. 82 

14.35 

17. 66 

June . . 

2. 85 

7.76 

2.19 

7.80' 

8.08 

5.39 

3. 15 

1.97 

6. 13 

3.43 

1.00 

2.39 

Julv . 

2.25 

4.84 

2.82 

5.20 

7. 1 1 

4.47 

6.89 

7.36 

3.37 

7.92 

1.79 

3.70 

August . 

1.43 

6.73 

9.46 

6.79 

3.43 

4. 65 

7.07 

4.64 

3.28 

5.84 

5.81 

1.02 

Total . 

6.53 

19.33 

14. 47 

19. 79 

18.62 

14.51 

17.11 

13.97 

12.78 

17.19 

8.60 

7.11 

September . 

4.13 

2.24 

3.45 

2.45 

2.43 

5.41 

2.69 

3.57 

2.39 

4.33 

2.88 

4.86 

October  . 

3.11 

5.28 

0.88 

6. 65 

4.46 

1.66 

2. 80 

5.16 

4.80 

1.74 

2.39 

3.80 

November . 

2.71 

3.56 

2.00 

2.29 

5.38 

3.18 

4.22 

3.13 

4.17 

3. 59 

2.37 

3.34 

Total . 

9.95 

11.08 

6.33 

11.39 

12.27 

10. 25 

9.71 

11.86 

11.36 

9.66 

7. 64 

12.00 

Yearly  total . 

36.98 

44.24 

36.05 

51.33 

45.92 

41.16 

35.30 

40.35 

38.41 

44.67 

30.59 

36.77 

_ 1 

a  Mean  of — 

Oxford..  1.26 
Clinton..  1.49 

2)2.  75 


1.38 


70S 
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Table  N<>.  42. — Iiecarrf  of  j>n ri/iilot ion  at  Cooperstown  for  the  water  year.,  JS54 

to  JS9S ,  inclusive — Continued. 


Month. 

1006. 

1*17. 

1808. 

1809. 

1870.  1871. 

1*72. 

1m73. 

1874. 

1875. 

1870. 

1877. 

December . 

1.1*4 

2  50 

1.83 

l.W) 

3.  fit)  1.96 

1.76 

2  17 

2.86 

1.27 

1.48 

2. 28 

January . 

o.  it; 

n  MS 

2. 24 

4.31 

4  HI  1.  14 

0.32 

3.01 

3.70 

2.  HI 

4  11 

2. 56 

February . 

:t 

1  85 

n.  Kl 

2.  U7 

3  78  1  1*4 

1  Sm 

1  67 

3.311 

1.  11* 

4  13 

n.63 

1  87 

2  74 

J  ,H H 

2  .VI  S  21* 

II  Ml 

4  m 

1  :lv 

8  19 

:u\ 

3  :J7 

April . 

1  IB 

3  .V4 

2  43 

3.  08 

2. 30  2  Ml 

1  17 

3.14* 

4 

in 

2. 55 

1  68 

1  77 

May . 

2.00 

7  » 

S.  7*1 

ft.  49 

1.14  3.  IK 

4  lfi 

1 

1.08 

2.  :o; 

1  1*7 

1.27 

Total . 

.... 

11.08 

17  TV 

IS  78 

ai.iei 

18.40  111.  17 

i*  w* 

IS  69 

16  99 

12.  72 

16.  73 

11  88 

June . . . 

4  27 

2  IS 

4  in 

4.31 

0.16  S.  25 

7  31 

1.04 

;  nn 

5.24 

4  93 

4  71 

Julv  . 

3. 67 

3  as 

n  m» 

4  ST 

4  14  4i4 

5.  *4 

S.  26 

s. 

44 

3.  24 

5  13 

0  78 

Autniftt . 

.*  .*  j 

S  in 

2  47 

3.08 

2. 74  4  50 

4.  4S 

6. 52 

1.08 

5.  85 

0. 63 

2.84 

Total  . 

in  <* 

in  no 

m  an 

11  90 

7. 83  14. 30 

17.00 

12.  72 

13  41* 

II  33 

1(*.  60 

14. 33 

Septemlier . 

vm 

a  :m 

5  T4 

3  31 

2.80  1.17 

3  .32 

3.41 

2  26 

•>  fjO 

5. 71* 

1.02 

« >ot«>l*»r . 

1  32 

:t  iih 

2  in 

n  m 

3.  M0  1.1*7 

3  62 

6. 62 

2.  6n 

4  ‘.Hi 

1  73 

4  42 

November . 

4  2*. 

l.SS 

5.28 

1.91 

1 .  IB  2. 88 

1.08 

4. 16 

2. 

K5 

3  m 

1  45 

3. 22 

T Ctfll  ■•••••••»•• 

in.  ni 

«sa 

13. 12 

11  B  -  S2  0.  IB 

8.  IB 

13. 11* 

7. 

70 

10.  48 

8.07 

0.56 

Yearly  total _ 

31.77* 

37.  25 

37.  IS 

44.18 

44  75  36  SM 

36.51 

41.50 

.38. 1*1 

37. 53 

36.  ao 

35  77 

Month. 

1HTH.  1879.  1SHII. 

lHMl. 

1HM2.  1803. 

18M4.  10H5. 

1886.  1887. 

1"-. 

Deoember . 

0.97  3.  80  4.20 

1.23 

6.(B  2.16  1  98  4  00 

2. 15 

2.  on 

3.  43 

January  . . 

a 

ti  2 

as 

1.28 

2.  SI 

2  *17  1  41*  3.  1 

7  3(11 

1 

.<1 

3  21 

2.47 

February  . 

1.00  '  2 

1*1  2  2*1 

1  S3 

3  17  3  7l 

3  111  2 

46 

1.  *0 

5  21 

1  58 

March . 

2  h;  2 

111 

1.71 

3  116 

2.4M  1  W  4  48  0.65 

2.  ir„» 

♦  32 

3  :44 

April  . 

2. 

17  3  48 

:  ;« 

0.  H* 

1  an  1  itM  l  20  1 

1*4 

1  80 

O 

3  06 

May  . 

4. 20  0.  an 

»  32 

3.  (Ill 

3.  W  3.  IS  8.97  3. 

:h( 

• 

50 

2  .<1 

2.  70 

Total........... 

15.04 

14.01 

1  -  57 

12  33 

io  as 

13. 77 

17  ''l 

15.84 

;  ;  12 

2i '  (  1 

10.03 

June  . 

4  25 

4  10 

2  78 

.  50 

(  88 

1  02 

2  16 

3  50 

3  01 

2  VI 

4.32 

Julv  . . 

3. 57 

2  82 

4  40 

3.07 

2.  44 

4  77 

3.01 

3.01 

3  IB 

2.  85 

1  52 

AuiptMt  . 

2  Kl 

1.43 

2. 78 

0. 72 

0. 01 

3. 21 

2.  40 

0.08 

2  .VI 

3  34 

4  05 

Total . 

i" 

8.44 

10  05 

7.38 

8. 21 

12. 80 

;  cl 

15. 07 

8.50 

8  .v 

10.79 

September . 

3.20 

2  12 

3  17 

1  43 

3  08 

5  05 

1  20 

1.00 

4  12 

1.42 

3L97 

October  . 

3. 29 

1  20 

2  42 

4  *0 

1  I- 

2. 00 

3 .31 

4  10 

2  54 

1  10 

4  00 

Novemlier  . 

3  18 

3.00 

a.  as 

3. 24 

1  70 

1.78 

2  86 

3.05 

4  72 

3.15 

3.09 

Total . 

v 

6.38 

8.61 

0  .VI 

6. 05 

•  n 

:  40 

11  :* 

5.  70 

11.  15 

Yearly  total  ... 

36  15 

20  73 

37.21 

20  27 

34  *o 

36. 14 

31  «l 

40.21 

33.141 

34  52 

38.57 

Month. 

1880. 

lKMi. 

1*01. 

18IB. 

1803. 

1*04. 

1*0.5. 

1806. 

1*C. 

i860. 

Mean. 

Daoambar  . 

3,30 

2.  08 

4.33 

4.96 

1.53 

4  02 

2.33 

3.  84* 

1.21 

4.04 

January  . 

•I  ‘M 

4  30 

5  vt 

4.99 

1  80 

2.84 

2  84 

1  48 

172 

4.00 

February  . 

I  70 

2.01 

4  76 

•»  .rj 

4  98 

2  i«i 

1  43 

5. 30 

2.06 

2  03 

^1  HTi  1 1 .  •  •  •  .  •  •  •  •  -*••«•« 

1  70 

4  17 

2  60 

3  lit 

2  13 

1  IB 

103 

4  74 

3.31 

2.  14 

April . 

2  0:1 

2  Ni 

.*  .►» 

13* 

2  Ort 

‘J  \\ 

2  80 

12.5 

3  05 

4  oi 

May . 

3.00 

8.84 

2  10 

.  7  .82 

0.74 

5. 2* 

2. 44 

2. 31 

5.21 

4.70 

Total . 

15.  i*6 

25  8.5 

21  61 

24  Ml 

20. 24 

18.70 

13  30 

10.(6 

17.1(1 

33.31 

June . 

5. 96 

4  85* 

1  ie> 

4  80 

2. 20 

2.  (12 

2  1* 

4.70 

5. 22 

3. 80 

July . 

6.  01 

3.  :r.* 

5. 02 

7  80 

4  85 

3.41 

3.80 

4  00 

4  80 

3.  IB 

August . 

2.13 

0  01 

4.26 

7.06 

7. 50 

1.88 

7. 15 

3.40 

6.(10 

0.75 

Total . 

13.  (IS* 

14.29 

11  26 

20  62 

14  (H 

7.91- 

I  ;  18 

12.70 

10. 68 

10. 57 

------- 

September . 

3.  *7 

7.24 

1  41 

3. 57 

4  03 

5. 55 

2.  80 

4  31 

8.  4(1 

4.20 

( letolwr  . 

2  17 

6  01 

3.01 

1  70 

1  27 

4  73 

2  17 

2.23 

0.  04 

5  30 

November . 

3.50 

3.17 

3  16 

3. 10 

2.21 

2.  72 

3. 65 

3.56 

6.21 

4.04 

Total . 

9  54 

16. 32 

7.57 

8. 55 

7.50 

13.00. 

8.68 

10. 12 

9.25 

14.20 

Yearly  total . .. 

39. 10 

50.46 

40.44 

53. 06 

42  3* 

30.  01 

35. 17 

41.1*6 

43.00 

54.08 

a*,  or 
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Table  No.  43. — Record  of  precipitation  at  Cortland  for  certain  water  years,  as 

indicated ,  from  1850  to  1898,  inclusive. 


Month. 

1850. 

1851. 

1852. 

1853. 

1854. 

1855. 

1856. 

1857. 

1858. 

1859. 

1860. 

December . 

4.39 

3.01 

3.  98 

1.76 

3. 13 

3.91 

2. 30 

3.29 

4.93 

4.06 

January . - . 

1.30 

2.08 

2.57 

2.60 

4.23 

2. 07 

3.02 

2. 35 

2.94 

1  38 

1.89 

4  49 

4.46 

2.20 

1  02 

2  05 

P  09 

1  8° 

1  04 

March . . . 

1.94 

3.38 

2.90 

3.34 

1.43 

1.99 

2. 58 

1.17 

4  71 

4  01 

April  . . . 

1  99. 

3.67 

4.41 

5.84 

5.35 

2.85 

6.  78 

2.70 

5.54 

2  70 

May . 

4.71 

4.69 

2.33 

4.01 

4.06 

4.38 

5.01 

3.85 

3.53 

Total . 

18.74 

23.04 

20.33 

20. 35 

15. 90 

21.11 

16.  74 

23.79 

16.72 

June . . . 

4.94 

3.78 

3. 94 

3.31 

8. 69 

3.41 

12. 55 

3.28 

5.51 

2.28 

2. 19 

6.27 

2  39 

5  09 

5  07 

6  43 

August . 

2.67 

3. 40 

3.59 

2. 19 

2.80 

3. 65 

5.40 

3.69 

5.49 

4. 66 

Total . 

13.12 

14.70 

9.81 

7.69 

17. 78 

10. 91 

20.34 

12.06 

16. 10 

16. 65 

September . 

0.00 

2.09 

3.09 

4.72 

3.91 

2. 67 

4.17 

4.45 

_  3.62 

5. 12 

4. 13 

October . 

6. 63 

2. 16 

4.30 

4.56 

3.73 

4.11 

2. 08 

4.88 

3.33 

1. 65 

3.46 

November . 

4.20 

5.60 

4.56 

3.15 

3. 07 

3.39 

2.98 

3.48 

3.93 

3.77 

3. 75 

Total . 

16.83 

9.85 

11.95 

12.43 

10. 71 

10.17 

9.23 

12.81 

10. 88 

10.54 

11.34 

Yearly  total ... 

4(5.00 

45.39 

45. 28 

38.73 

48.28 

36.04 

54.26 

39. 68 

50.43 

44. 71 

Month. 

1861. 

1862. 

1863. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

December . 

?  4? 

1.95 

2.81 

1.08 

2.35 

1.70 

0.  ft? 

3.00 

January  . 

2.86 

4.01 

5.02 

1.54 

2.75 

2.95 

1. 86 

2.68 

4.74 

3  30 

O  QO 

3  02 

2  00 

2  01 

0  97 

4  50 

1  11 

2  39 

March . 

3.01 

4.92 

2.20 

o  OQ 

1.59 

1.36 

4.54 

2.07 

April. . 

4. 99 

1.78 

2.66 

3. 12 

2.75 

1.62 

0. 93 

0.68 

3.43 

May . 

5.02 

1.79 

5. 13 

7. 96 

6.29 

6.31 

2.60 

2.73 

4.23 

4.96 

. 

Total . 

21.60 

17.37 

20. 84 

17. 15 

17. 76 

11.20 

18.42 

12.57 

20.59 

. 

June . . . 

4.64 

5.28 

1 . 45 

4. 60 

2.91 

3.44 

3781 

2.80 

July_ _ _ _ _ 

1.79 

7.  (X) 

8.45 

6.44 

4.57 

2. 53 

4.53 

4. 36 

4.46 

3.14 

August . 

5. 36 

2.58 

a  6. 44 

4.77 

4.37 

1.45 

5.55 

2. 15 

2.07 

9. 44 

Total . 

13.03 

14.22 

20.35 

15. 49 

10.39 

8.58 

12.99 

9.95 

10.34 

15.38 

— 

September . . 

6. 56 

”1 . 52 

a  0. 64 

1.58 

4.17 

4.44 

~2T36" 

3.70 

3.13 

3. 46 

October . 

5.47 

6. 73 

3.81 

2.31 

3.73 

4.39 

0. 85 

3.32 

0.71 

6.27 

November . 

2.32 

3.34 

a  3. 83 

3.28 

1.94 

1.98 

3. 05 

3.17 

3.55 

3. 10 

Total . 

14.35 

11.59 

8.28 

7.17 

9.84 

10.81 

6.26 

10. 19 

7.39 

12. 83 

Yearly  total ... 

48.98 

43.18 

49.47 

37.38 

37. 15 

30.45 

38. 56 

30. 30 

48.80 

42. 79 

a  Geneva  record. 
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Table  No.  44. — Record  <>f  precipitation  at  De  Kalb  Junction  for  the  trater  years 

to  1898 ,  inclusiw . 


Month. 

1x90. 

1801. 

1888. 

1803. 

1*04. 

1*05. 

1806. 

1*07. 

1808. 

Mean. 

December . 

1.86 

3. 31 

1.  77 

5. 01 

1.00 

6.38 

0.01 

2.84 

January . 

2. 00 

8.08 

1.38 

2. 96 

2. 60 

1.40 

2  47 

4.76 

February  . 

3.30 

1.81 

O  «»1 

1.66 

1.01 

8.81 

1.02 

1.85 

March . 

4.40 

2. 80 

1.20 

2. 38 

1.10 

3.30 

8. 19 

1.  (6 

April . 

2.  05 

l  SB 

o  2.  71 

1.87 

2. 68 

1.28 

"i 

1.28 

May . . 

1.47 

4.67 

0  38 

4.24 

2. 88 

1.84 

3.14 

8. 62 

Total . 

18.06 

IT.  08 

15.  72 

17.62 

11.66 

17  "i 

13.54 

15. 75 

June . . . 

8.99 

2.00 

r»  7i? 

2 

2.28 

1.88 

5  31 

3. 14 

July 

2.  Ifl 

6.73 

6  10 

5.  44 

8  41 

8  68 

4.66 

4  84 

2.81) 

An  if  list . 

11.27 

8.20 

0.82 

0.14 

0. 01 

4  84 

3  on 

2.48 

4.24 

Total . 

18. 10 

18  oo 

9T.84 

16. 86 

6.60 

10.  40 

12. 00 

0.95 

10.22 

Beptemlier  . 

5  x7 

2  86 

3  23 

3  13 

3  110 

4  50 

6.61 

2.37 

6  IN) 

( >4*t< ») **r . 

2 

8.14 

1.88 

1  :ki 

3  47 

0.82 

1118 

0.88 

1  33 

November . 

3  72 

4.78 

4.88 

2  65 

2  68 

6.34 

2.76 

4.72 

2.08 

Total . 

11.80 

10.85 

0.78 

7. 04 

0  116 

10  68 

9.46 

7.  H5 

12  81  . 

Yearly  total. 

40.80 

47. 81. 

:«•  71 

33.  78 

33. 62 

88. 26 

31  ll 

38.43 

37.97 

n  Mean  of — 

Clinton . . . . . . . . . . . . . . . .....  2.20 

Sort ii  Hammi »nd . .  :>  '>J 

i  )g  lend  burg .  1.95 

Potadim .  <1.07 


«)10.88 

2  71 

Table  No.  45. — Record  of  precipitation  at  Demster  fur  the  t cater  years  1890  to 

1897,  inclusive. 
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Table  No.  46. — Record  of  precipitation  at  Depauville  for  the  water  years  1865  to 

1876 ,  inclusive. 


Month. 

1865. 

1866. 

1867. 

1868. 

1869. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

1876. 

Mean. 

December . 

4.35 

4. 07 

2.41 

2.90 

4.38 

57 

4.28 

4.65 

1.45 

2.16 

January  . 

3.60 

3.32 

2.08 

3.a5 

1.86 

4.95 

2.25 

1.68 

4.72 

6.17 

2.  ( i 

4. 35 

February . 

...... 

3.  OS 

3.  74 

3.51 

5.01 

4.  42 

2. 15 

2. 67 

1.63 

4.  16 

1.76 

2.43 

3  20 

3  24 

4  47 

4  95 

4  68 

2  73 

3  38 

1  59 

April . 

‘>  *X) 

3. 95 

3.25 

1.10 

1.  15 

3.  7(1 

LOO 

3.41 

3. 30 

1.37 

May _ _ _ 

3.74 

5.90 

5.48 

4.08 

1.34 

1.82 

4.  05 

1.98 

2.91 

4.08 

Total . 

20.88 

22. 98 

22.47 

19.91) 

20.92 

18.14 

16.41 

23.37 

26.57 

12. 69 

J  une _ _ 

4.08 

O  *>•) 

2.04 

3.09 

2.27 

2.80 

2.  77 

2  ai 

4.54 

2.22 

July _ 

3.01 

2.18 

1.00 

2.68 

2.30 

4.69 

1.58 

August . . 

2. 05 

3.43 

2.75 

1.37 

4. 40 

3.15 

3.20 

1.23 

3.  70 

Total . 

. 

12.39 

6.45 

6. 47 

9.49 

5.22 

9.88 

8.22 

11.10 

10. 46 

7.50 

. 

. 

September.. . 

4. 10 

6.42 

0.57 

4.45 

6. 95 

4. 57 

3.05 

4.85 

3.10 

3.  75 

4.10 

October . 

7.00 

14 

3. 94 

3. 60 

7.10 

3. 98 

2.00 

6.92 

7.05 

5. 27 

2.21 

November . 

5.30 

5. 17 

2.31 

6.09 

5.42 

1.95 

3.83 

4.  75 

2.92 

4.43 

1.99 

Total . 

16.40 

15. 03 

6.82 

14.14 

19.47 

10.50 

8.88 

16. 52 

13.07 

13.45 

8.30 

Yearly  total . 

. 

48.30 

36.25 

43.08 

48.86 

36. 64 

36.90 

41.15 

47.54 

50. 48 

28.49 

. 

41.77 

Table  No.  47. — Record  of  precipitation  at  Elmira  for  certain  u-ater  years ,  as 

indicated .  from  1851  to  1898 ,  inclusive. 


* 

Month. 

1851. 

1852. 

1853. 

1854. 

1855. 

1856. 

1857. 

1858. 

1859. 

1860. 

1861. 

1862. 

December . 

January  . . . . 

. 

3. 10 

. 

0.82 

1.84 

2.80 

1.82 

2  27 
4.72 

1.52 

2  28 
0.72 

4.50 

1.70 

3.26 
2. 35 

1.48 

1.88 

4.55 

Februarv  . 

1.90 

2.60 

0.25 

1.63 

1.48 

2.07 

2. 50 

2.  (M) 

2. 00 

March . 

April . 

May . . . 

"  3.'2s’ 

2.32 
3. 93 

. 

2. 57 
5.49 

1.19 

2.51 

1.21 

1.10 
6. 51 

0.75 

1.94 

3.82 

2  85 

5.99 

4.81 

1.57 
3. 85 

2.37 

2.53 

2.82 

3. 15 

3.28 

6.32 

5.91 

2. 60 

7.73 

Total  . . 

15.48 

14. 07 

15.50 

20.  74 

13.08 

17.54 

26.  64 

June . . . . 

3.18 

3.13 

5.10 

5. 75 

6. 60 

7.02 

2.20 

5. 00 

4.10 

July . 

August _ _ 

4.23 

1.67 

4.33 
2. 03 

1  40 
3. 18 

3.12 

1.60 

4.80 

3.20 

1.70 
3. 19 

1.60 
2. 10 

2. 96 
2.45 

2.50 
5. 40 

3.90 
6. 45 

. 

7.71 

9.82 

13.  75 

11.49 

10.72 

7.61 

12.90 

14.45 

September . 

October  . . 

2.29 

1.86 

1.78 

2. 42 
T.  98 

3.25 
2. 18 

0.63 

2.69 

2.28 

2.20 

3.40 

4.38 

2.00 
2.  50 

3.19 

1.68 

2.50~ 

5.20 

"f.'oo” 

. 

November . 

2.58 

1.95 

1.00 

2.30 

1.90 

2.75 

2.40 

2.20 

3.70 

0.31 

Total  .... 

6.  ai 

6.43 

5. 62 

6.38 

10.48 

6.90 

7.07 

11.40 

. 

Yearly  total _ 

31.73 

33. 44 

33.37 

41.94 

27.59 

37. 51 

52.49 
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Table  No.  47. — Jicconl  of  prccijntation  at  Elmira  far  certain  i cater  years,  as 
indicated,  f nan  is.11  to  IStiS,  inclusive — ('on  tin  tied. 


Month. 

1830. 

1800. 

1891. 

lHlt.*. 

1893. 

1894. 

1805. 

1898 

1897. 

1898. 

Mean. 

December . 

n  3.  82 

62.38 

2. 54 

3.98 

rO  .59 

,1  2  28 

2  89 

2.70 

0.61 

1.80 

January . . . 

62.35 

1.84 

2  33 

3.01 

0.82 

2.  73 

2  70 

1  58 

1.  40 

2.  45 

February . 

0.  75 

1.68 

2.  19 

rl  55 

1.81 

1.89 

0  60 

3.40 

0. 93 

1  45 

March . . . 

(1. 25 

3.48 

1.98 

2. 96 

2.06 

1.05 

1  ;rr 

«)  22 

2  41 

2  51 

April  _ _ _ _ 

2  .1*1 

3.  91 

1  73 

1  o| 

8  65 

4  42 

1  .58 

o  77 

2  30 

2  84 

^1  *i  \  ......  ...... 

3. 51 

6.04 

0. 50 

5  30 

6.84 

7. 65 

3.U1 

3.14 

5. 56 

4. 29 

Total  . 

12.84 

19.  33 

11.27 

18.89 

15  2»i 

20.00 

12  15 

14.79 

13.21 

15. 16 

. 

June . . 

5. 11* 

4. 87 

4  57 

4  11 

3  82 

1  94 

3  51 

3  31 

1  78 

3  43 

July . 

3  98 

2  51 

2  13 

3  89 

3  89 

1  02 

2  :w 

5  55 

8.28 

o 

Auiruxt  . 

61.23 

5. 75 

3  72 

3  28 

6  M 

1.21 

4  04 

0.94 

3.70 

4  70 

Total . 

11)  40 

12  93 

III.  42 

10.  78 

13  i>5 

4  ?.• 

9  89 

9  80 

8.  IP 

10  37 

September . 

1.97 

8.14 

3.25 

1  18 

;;  72 

5  16 

1.80 

2.  73 

3.70 

1.78 

( )c  toller . 

3  51 

3  84 

3  41 

1  30 

2  88 

4  21 

41.  78 

4  88 

0.  *15 

4  49 

NoTember . 

4.19 

0.  8*1 

1  31 

c3  09 

•/  I  59 

1.28 

1  25 

1.  40 

2.89 

2. 24 

. 

Total . 

9 

10.  H4 

7  97 

5  57 

7  97 

10.  *15 

8. 92 

8  90 

:  M 

8  51 

. 

Yearly  total  . 

32  91 

43.  lu 

29  88 

38  24 

36  28 

36  44 

25  98 

33. 58 

29. 14 

34  144 

34  79 

a  Mean  of 

Auburn .  3  94 

Coopers  town . .  8.80 


2  >7  .24 

3.  *B 

6  Factory  vllle  r**oord. 


r  Moan  of 


Addlaon  . 

.  1  58 

3  48 

0  48 

Waverly . 

.  1  53 

2  71 

0  70 

2)3. 11 

6.17 

1  18 

1.55 

3.IW 

0  SO 

il  Pino  t’ltv  record. 


Table  No.  48. —  liecord  of  prccijatatian  at  t  airfield  for  certain  water  years,  as 

indicated,  from  IS. *8  to  IS.lt>.  inclusive. 


Month. 

1834. 

1629. 

1831. 

1<C.'.  1KC4. 

1885. 

KM. 

1837. 

1®*. 

18CHI. 

1840. 

December  . 

a  3. 00 

0.11) 

<*2  M 

1  25  1  80 

62  12 

0.81 

1  74 

1.60 

0.  31 

1  25 

January  . 

2  13 

1  54 

2. 1*1  . 

1  82 

3  181 

1.58 

0  118 

3.  45 

1  :C2 

February  . 

2  *.«• 

1  lo 

1. 60  . 

2  25 

3  .17 

o.m 

0.  04 

o.  7m 

0  25 

March . 

2  48 

1  52 

1  99 

1  63 

1.89 

3. 22 

n  4n 

0. 

I  20 

April . . 

2.  76 

1 

2  39  . 

1  68 

2  74 

1.  10 

0.50 

2  in 

5. 10 

May . 

2  58 

1  00 

8.  IK  . 

1  10 

4.30 

2. 92 

8  65 

8. 5*5 

3. 92 

Total . 

. . 

13  15  . 

in.  on 

17.08 

10.90 

6.57 

11  11 

18  '*4 

3  9) 

2  15 

6  > 

6  25 

5  III 

5  55 

4  12 

July . 

10.  89 

3. 18 

2. 67 

4  65 

2  42 

3  Ki 

2  31 

5  70 

4.67 

August . 

5.46 

2  !»i 

5  14  . 

0  79 

1  61 

3.17 

7.61 

1.85 

4  62 

Total . .... ...... 

21.83 

. 

9  1- 

9  416  . 

17.82 

10. 28 

12  12 

13.  49 

12.  HI 

13. 41 

September  . 

4 .23 

2. 10 

2  29 

3  0 

1.37 

2  78 

2.  :*» 

3. 00 

4  48 

4  Ictolier  . . 

2. 38 

1  24 

4  47 

4  63 

U  ’jO  | 

5.  74 

3  15 

n  55 

4  98 

November . 

4  22 

1  Wl 

1.80  . 

1.42 

2.58 

1  15 

3.  42 

1.7o 

1. 63 

Total . 

10. 83 

5.24 

8  .56  . 

0  116 

6  47  | 

9. 67 

8.87 

5.25 

11  id 

Yearly  total . . . 

48.51 

25.  as 

31. 67  . 

37.48 

33. 78 

32.  69 

28. 93 

28.96 

37.54 

a  Utica  record.  b  JohiiHtown  record....  2.35 

Utica .  1.89 


2)4.24 

Vj; 
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Table  No.  48. — Record  of  precipitation  at  Fairfield  for  certain  water  years,  as 
indicated,  from  18 P 8  to  1849,  inclusive— Continued. 


Month. 

1841. 

Op 

I 

1843. 

1844. 

1845. 

1846. 

1847. 

1848. 

1849. 

Mean. 

December . 

1.04 

3.60 

4. 05 

2.13 

2  12 

5. 97 

a  3. 25 

6.42 

9.91 

January  _ 

5. 10 

2. 83 

2.68 

2. 91 

4. 11 

3  60 

2  41 

3  09 

2  09 

February. . . . . 

1.03 

6.35 

0.90 

3. 15 

3.89 

3  89 

1  21 

1  86 

2  no 

March _ 

3.33 

5.00 

2.57 

2.43 

2.43 

3.04 

4.24 

1.85 

2  36 

April . 

3. 10 

3.97 

2.68 

1.70 

3.28 

2. 15 

2. 78 

2.62 

2.53 

May . 

1.58 

2. 83 

1.07 

7.39 

3.54 

2.64 

3.00 

2.80 

3.04 

Total . 

15. 78 

24. 58 

14.01 

19.71 

19. 37 

18.57 

20.06 

22.13 

June . 

3.81 

4.61 

4. 48 

2.99 

4.30 

iaT 

2.20 

3.73 

4.29 

July . . 

3. 87 

ti.  14 

4.41 

4.47 

2. 19 

2  84 

6.40 

0  92 

4.21 

August . 

2.62 

2.90 

3. 81 

4.04 

0.94 

2.55 

2.  71 

3.95 

3.66 

Total . 

10.30 

13. 65 

12.70 

11.50 

4- 

CO 

10.26 

11.31 

8.60 

12. 16 

September . 

3.44 

6. 58 

2.06 

2. 57 

3.94 

3. 76 

2. 66 

1.83 

3.08 

October  .  . 

1.41 

3. 58 

4.47 

3.78 

2. 31 

4.53 

2.59 

8.25 

3. 56 

November . . . 

2.00 

2. 72 

4.59 

2.00 

3.84 

2.26 

0.40 

4.22 

2.46 

Total . 

6.85 

12. 88 

11.12 

8.35 

10.09 

— 

10. 55 

5. 65 

14.30 

9.11 

Yearly  total.... 

32. 93 

51.11 

37.83 

39. 56 

36. 89 

. 

39.38 

37.02 

45. 03 

36.74 

a  Utica  record.  6  Johnstown  record _ 2. 35 

Utica .  1.89 


2)4.24 

2.12 

Table  No.  49. — Record  of  precipitation  at  Fleming  for  the  ivater  years  1S90  to  1S9S, 

inclusive. 


Month. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

December _ 

a  3. 07 

1 .80 

4.33 

0.20 

1.36 

2. 87 

3.36 

0. 40 

1.92 

January  . 

5.34 

0. 85 

1.  65 

0. 66 

1.80 

61.81 

1.80 

1.90 

1.33 

February  . . 

2.74 

1.70 

1.39 

1.30 

5  2.6,4 

60,  56 

4.29 

1.40 

1.11 

March _ _ 

2.39 

2. 50 

1.61 

1.25 

1.15 

0.60 

3. 95 

2.19 

1.42 

April . . 

2.45 

1.01 

0. 75 

2.62 

b  4. 57 

1.40 

1.40 

2  21 

2  *>Q 

May . 

7.01 

0. 50 

5. 51 

5.61 

5. 07 

3.50 

42 

2.17 

3. 18 

Total . 

23.  (X) 

8.36 

15.24 

11.64 

16.59 

10. 74 

17.22 

10. 27 

11.25 

June . . . 

6.72 

2M3~ 

4.75 

_ 1. 32 

5.23 

3.Ti 

2.41 

3.96 

2. 48 

July . - . . 

1.52 

1.51 

3. 30 

3.  67 

2.82 

4.11 

4. 29 

3. 86 

1.97 

August. . 

5. 05 

3.27 

5.72 

2.01 

2.06 

3.03 

2.72 

2.52 

4. 15 

. 

Total . 

13.29 

7.11 

13. 77 

7.00 

10.11 

10. 25 

9.42 

10.34 

8.60 

September . . 

6.02 

2.05 

1.42 

2.36 

1.87 

4.93 

:>. 55 

October  ... 

4.45 

4.36 

2. 40 

0.98 

5. 04 

1.08 

3.10 

0. 80 

3.64 

November . 

1.93 

2.23 

1.60 

1.45 

1.78 

2.90 

2.88 

2.68 

2.21 

Total . 

12.40 

8.64 

5.42 

4.79 

12. 59 

5.85 

10.91 

6.94 

9.40 

. 

Yearly  total.. 

isMsf 

_ 3L43~ 

23.43 

39.29 

26. 84 

37. 55 

27. 55 

29.25 

32.35 

a  Auburn  record. 


b  Romulus  record. 
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Tahi.k  No.  50.— Reconl  of  precipitation  at  Friendship  fnr  the  i rater  nears  1893  to 

1897,  inclusive. 


Month. 

1893. 

1894. 

1HH5. 

1M«. 

1897. 

Mean. 

Deoeniiier  . 

January  . , 

February 

. 

April . 

«1.21 

1  16 

1  w 

2  :ei 
4.34 
.vm 

8.51 

4  2li 

3.17 
1.78 
5.  Hi 
it  19 

2. 15 
3.08 

1.34 

1  01 

1.  {Mi 

2  :bi 

3. 35 

2.  113 
3.23 

3  45 
1.58 

3.  (ill 

1.40 

2. 29 
1.56 
3.  59 
2.  77 
2. 05 

•  •  •  •  m  m  m  m  m  m 

• . . 

Total . . 

10.70 

27  07 

11.88 

10.73 

14.23 

Juno  . 

-  -  -  ....... 

August . 

.  2.04 
t  01 

5. 33 

3  37 

3  tm 

2  41 

4  HI 

2.  72 

3  74 

3.22 

4  54 

1.83 

2.93 

4  47 
n  3. 20 

. . 

Total . 

it.  38 

9.77 

11.87 

II.  511 

10.  00 

September . 

Ootolier . 

a.  twi 

;  m* 

11.  Mi 

3.U2 

5  06 

aS  13 

XovemUT  .. 

144 

4  •  C  J 

nil  7o 

- 

3.  44 

2  29 

n  4  .09 

Total . 

8.84 

12. 31 

7  1«> 

11.97 

7.45 

Yearly  total . 

37.  ft* 

49.73 

31.15 

38  29 

32  37 

37.90 

n 

Bolivar  record. 

TaBLK  No.  51.  Reran  I  of  pnnjntation  at  Genera  for  certain  miter  nears  as 

tn then fnl,  from  lV>n  to  1893,  inclusive. 


Month. 

1850. 

1851. 

1852. 

1853. 

1854.' 

1855. 

1850. 

1857. 

1858. 

1859. 

1800. 

December  . 

January  . 

February  . 

March 

April  . 

5iiij  ......  ............ 

A  pi 

n  \*\ 

3.  44 

2  49 

2.  (<i 
2  32 
0  17 
0.78 
2  27 
2.01 

2. 15 
(1.87 
1.83 
1.38 
4. 50 
3.  42 

2.88 

1  47 
0  .50 

2. 50 

l  99 

1.51 

-  • 

•  • ••••  • 

1.34 
2.  49 

o  57 

1  30 
3  54 

1  3.5 
3  On 

1  10 
3  20 
1.00 
2.  87 
2.80 

1  95 
5  30 
2.21 

2  49 
0  '1 
o  7o 

2  -1 

3.  79 

— .  U| 
1.06 
1.17 

1  II 
2.81 

4  47 

"  85 

1.1*1 
8. 50 
4.  Mi 

2. 57 

Total . 

1 1  .c.* 

14  02 

13. 15 

10. 24 

14.21 

13.  i5 

15.  70 

10. 91 

June . . 

July..... . 

Au»njHt . 

2  01 
3.  :t' 

1.8| 

3  .>1 

2  1" 
o  7  38 

1  88 

2  i' 

0  80 
o  77 

3  72 
4.70 

2  75 

3  92 
5.  Ill 
1.80 

8  14 

3  21 
4.20 

3.  841 
3.  ill 
8. 79 

- r= 

a  34 
1.70 

4  49 

■ 

8.412 
i  89 

3.27 

Total. . 

- . . 

:  ;  i 

|  7.38 

[  4  14  11.30 

10.31 

15.61 

10.  08 

9  53 

10. 92 

September . 

l  66 
3.14 

1.10 

•  •••••  • 

3  27 

2.85 

2  00 

1.87 

3.06 

3.  18 

3.  .52 

November . 

4  12 

-•  4  4 

a  44 

2.  IK 
1.66 

4.30 

1.34 

2  14 

1  511 

6  30 
4.08 

1.27 

3. 06 

2.  IK 
1.48 

2.91 

3.70 

Total. . 

- - 

. * 

7.  ar 

. . 

0  90 

8.  49 

0  .39 

12.84 

7. 37  1 

0  .08  | 

10. 13 

\  early  total  ... 

. . 

20.05 

. . 

. - 

:t,*  90 

96  04 

42  or 

31.30 

31.91 

31.00 

<i  OeneTH  Kalin  record. 
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Table  No.  51. — Record  of  precipitation  at  Geneva  for  certain  water  years ,  as 
indicated,  from  1850  to  1893,  inclusive — Continued 


Month. 

1861. 

1862. 

1863. 

1864. 

1865. 

1866. 

1867. 

1868. 

1882. 

1883. 

1884. 

December . 

1.78 

1.26 

1.78 

a  2. 32 

1.45 

1.08 

1.76 

0.70 

0. 55 

0.73 

January  . 

1.58 

3.64 

6.  78 

0. 63 

2.54 

0. 92 

1.30 

1.92 

0.48 

1.83 

February . 

2.54 

2.06 

1.46 

0. 53 

2.48 

1.08 

1.04 

1.09 

1.44 

2. 01 

March . . . 

1.28 

5.23 

0. 88 

1.26 

2. 05 

1.61 

0.66 

2.  46 

0. 88 

2.54 

April . 

3.30 

2.02 

1.97 

4.28 

2. 66 

2. 16 

3. 91 

2.38 

1.58 

0.83 

M*ay . 

3.31 

1.89 

2. 46 

6.31 

3.92 

o  07 

6.59 

3.74 

. 

4. 45 

2.49 

Total . . 

13.79 

16.10 

15.33 

15.33 

15.10 

9.02 

15.26 

12.29 

. 

9.38 

10.43 

June . . 

0.98 

5.52 

3.05 

1.49 

3.56 

4.42 

2.05 

3. 12 

3.69 

4.12 

2.01 

July . 

4.38 

3.  6i 

4.  77 

1.29 

2.90 

2. 07 

2.64 

0.85 

2  42 

2.98 

2.33 

August  .  . . 

2.92 

2.56 

6.44 

7. 14 

1.94 

3.22 

0.96 

1.29 

2.37 

3.47 

1.44 

Total . 

8.28 

11.75 

14.26 

9.92 

8.40 

9.71 

5.65 

5.26 

8.48 

10.57 

5.78 

September . 

5.83 

1.48 

~ oToT 

1.97 

4.86 

4.58 

0. 09 

1.25 

2  12 

3.17 

October . 

4.97 

1.80 

4.18 

3. 43 

1.83 

1. 50 

0. 62 

2. 10 

1.67 

November . 

1.06 

2. 25 

3. 83 

2.44 

1.73 

2.89 

0.33 

. 

1  22 

1.54 

1.01 

Total . 

10.66 

8.70 

6.27 

8.59 

10.02 

9.30 

1.92 

. 

3.09 

5. 7G 

5.85 

Yearly  total ... 

00 

JO 

-1 1 
CO 

36.55 

35.86 

33. 84 

33.52 

28.03 

22.83 

— 

. 

25. 71 

22. 06 

Month. 

1885. 

1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

Mean. 

December.. . 

0.97 

0. 76 

1.24 

1.35 

1 . 34 

1.62 

2.55 

3. 67 

1.31 

January . 

1.07 

1.13 

0.18 

0. 78 

2.99 

2.16 

2.43 

3.32 

1.54 

February  _ 

0. 61 

0. 95 

2. 97 

1.04 

0.25 

1. 45 

3.04 

2. 69 

2. 98 

March  . 

0.12 

1.13 

0. 48 

1.43 

0. 66 

2.16 

4.35 

2. 80 

1.56 

April . 

1.26 

4.13 

1.37 

3. 09 

3.28 

2.20 

1.95 

1.28 

3. 94 

May . 

1.58 

1.92 

0.46 

2. 79 

1.21 

5. 49 

0.50 

5. 03 

5. 11 

Total . 

5.61 

10.02 

6.70 

10.48 

9.63 

15. 08 

14.82 

18. 79 

16.44 

June . 

2.49 

2.92 

2.01 

3. 88 

7.47 

5.26 

3.  76 

5. 47 

3. 13 

July . . 

4.64 

4. 41 

6.37 

0.99 

4. 57 

1. 07 

3.78 

*>  *>7 

3.23 

August . 

5.02 

2.86 

3.03 

4.02 

1.98 

4.34 

3.93 

5. 67 

4.53 

Total . 

12.15 

10.19 

11.41 

8.89 

14.02 

10. 67 

11.47 

13.41 

10. 89 

September _ 

2.11 

2.31 

0.75 

2.73 

2. 50 

5.81 

0.72 

1.30 

2. 54 

October  . . . 

2. 88 

1.39 

1.74 

3.47 

3.32 

4.54 

3.95 

1.50 

1. 83 

November . 

1.36 

3.48 

1.58 

2.02 

3.44 

2.40 

1.68 

4.02 

b  0.56 

Total . 

6.35 

7. 18 

4.07 

8.22 

9.26 

12. 75 

6.35 

6.82 

4. 93 

Yearly  total.... 

24.11 

27.39 

22. 18 

27.59 

32. 91 

38.50 

32.64 

39.02 

32.26 

30.86 

a  Mean  of —  b  Romulus  record. 

Utica .  2. 67 

Rochester .  1.98 


2)4.65 

2.32 


I 


DEKP  WATERWAYS. 

TABU,  No.  *>2.  lieeord  of  preeipitat  ion  at  (Urns  Fulls  for  the  irater  i/rars  1879  to 

1898 ,  ivcluxive. 


Month. 


1X811.  lHNl.  ]H82. 


1883.  1884. 


I)oeeml>er . 

January  . 

February . 

March . 

Ajiril  . 

May . 


T  otal . 

•bine  . 

July  . 

August 


Total. 


6.  li  ' 
2  92 
2.  hi 

4 

2.t*l 
II.  .VI 


1*  Ml 


3.  3h 
am 

1  Hi 


September . 

i  le toiler 

Xovcinler  . 


Total  . . 

Yearly  total  ... 

Month. 


8.  Ill 

a.  2ii 

i  i»i 
4.37 


a; 


:u.  r; 


2. 1  *2 
2. 13 

1  Vi 


1  75 
2.  T.-i 
2.  .Vi 
2.  :»4  2  04 

2  21  a  2  111 
.«  hi  .1  54 


14.73 


it  62 
2.  VI 
1  hi 


5.86 

1.23 
i  ;i 
3. 17 
1.12 

2. 24 


3  87 
3.  37 
2  It* 

1  U2 
l.:ci 

2  i*i 


1885.  1886.  1KX7.  |S88.  J8HB. 


2.02 
1.87 
4.  Ill 
4  III 

IW 

2. 31 


3.  M 
8  M 
1 .79 
1.34 
2.  «3 
3.i»i 


1.77 
3.  in 
1.91 
3. 25 
2. VI 

>  m 


2. 45 
4  4  .', 
4.70 
*>  ]•» 
am 
l  xi 


4.7U 
3  87 
3.  4(1 
il.  u» 

2  48 

3  12 


15.88  18.07  |  15.  #7  Hi  17  11.  DM 


1  H7 

2  24 
1.24 


3  :  i  m 

2.  (II  I  2. 88 

3.  VI  II.  Vi 


1  HI  4.112  2.25 

2.1#  3.55  3.  AH 

3.31  7  42  2.0# 


4.01 

3.3', 
2  H~ 
4  1H 


5  15  0  .17  |  5  .(11  |  7.31  15.50  8.02 


2. 1« 

2  7n 

2  :m 


5  42 
0. 37 
II  71) 


10. 38 


2#.  72 


8.118  11.411 


4  111 

2.  88 
3.01 


1  111 
1  1*1 
4  12 


1.82 
4.50 
2  02 


3.  42 

2  II 
4.58 


18.  til 

2  25 
7  08 
2. 55 


21  70 

1  03 
1.37 
ii.  55 


3. 10 
4.54 

2.38 
1.52 
1.33 
4 .32 


17.  1!) 

II  21 
4  111 

2.25 


12.48  #55  12.97 


0. 68 
1.118 
4  11 


10.11  6.37  |  8.94  10.111  0  47 


28.1*1  31.21  28.  Ill  21).  05  |  40. 70 


33.  (Ei 


37.56 


4. 55 
3.  12 

4.45 


12. 12 


2.81 

2.44 
4  79 

111.14 


45  43 


40.20 


181*1.  1801.  1882.  lx«t  1x14.  1 895.  14*1.  1417.  l.xtw.  M,.an. 


December . . 

January . 

February  . 

March  . 

April . 

May . 

Total . 

•1  u  no ...  .......  , . 

July 

August . . 


Total 


September . . 

October  . 

November . 

Total . 

Yearly  total.. 


3.3# 
.« ie 
3.73 
3  112 
1.75 
5. 06 

2.79 
4  29 
4  31 
2.73 
231 
2.25 

4.11 

5.14 

2  7# 

2  70 
0.68 

5  79 

(1.82 
2  TV 
6.  83 

1  m 

2  24 

4  99 

3.77 
2  54 
2.91 

1  1*2 
1.42 
3. 14 

2.82 
2  It? 
2  17 

1  93 
6. 12 

1  04 

3.73 

l.i** 

5  41 

6  .52 

1  211 
1.63 

1  29  4.71 

2. 37  5.  (0 

1.86  8  W 

4. 38  n  79 
3.61  62.84 
3.81  h  4  75 

• •••••• 

• ••.... 

19.97 

18.68 

SI  li 

19.29 

HI  Vi 

17.00 

19.  47 

17.26  21.96 

3  81 
1.6# 
6.25 

2.44 

4  56 

i  M 

4  96 

3  42 

1.26 
3  56 

3  ie 

2. 38 

2  88 
3  96 

3.nl 

»  58 

6.21  5  3.21 

8.  82  1  64 

7.  .1) 

11. 14 

2  .Hi 

5.48 

2.80 

5.42 

7.  it? 

.  ..... 

11.75 

11.91 

15.68 

15. 1*5 

7.79 

IS  S7 

10.34 

31.46 

11  87 

4  12 

i  m 
1.56 

1  12 
2.1*1 
2. 1*1 

2  73 
1.86 

2  93 

3. 35 

1  90 
1(4 

3.13 

4  72 

2  27 

2  II 

0  SB 
4.81 

4.81 

3  65 
5. 55 

1.1#  3.42 

1  52  5.28 

10.08  3  5# 

....... 

.....  • 

9  93 

5  84 

7.52  | 

0  75 

HI.  72 

7. 90 

14.01 

12.  73 

12  29 

41.65 

36.  4<i 

44.31  | 

40.99 

35.01 

37.80 

*  1  88 

VI.  44 

46. 11 

37.  76 

o  Mean  of  Hixtecn  year*. 
6  Mean  of — 

Saratoga  Spring*  .. 
Lake  I  toorge . 


.3(18  4  4n  2.7J 
.3.35  5.02  2.1*1 


2*6.43  #.51  f  118 
3.21  4.75  2  84 


4 
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Table  No.  53. — Record  of  precipitation  at  Gloversville  for  the  water  years  1S92 

to  1898,  inclusive. 


Month. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

December . 

1.34 

4.33 

3.04 

2. 91 

1  67 

6  52 

January . 

1. 64 

3.27 

2.86 

1.47 

2. 48 

6  90 

February  . 

6.81 

3.19 

1.19 

5. 90 

2.03 

3.33 

March  . 

1.84 

2.38 

2.08 

6.59 

5.41 

3.04 

April . . . 

3. 57 

9.  71 

4.48 

0.96 

3.38 

4. 19 

May . 

7. 90 

6.06 

7.48 

2.05 

3. 19 

5. 18 

6.45 

. 

Total  .  . . 

21.26 

23.39 

15.70 

21.02 

20. 15 

30.43 

June . . . . . 

4.91 

1.95 

4.95 

3. 19 

3.  79 

6.72 

5  14 

July . . 

3.27 

2.69 

3. 06 

3.41 

4.95 

9.80 

4. 73 

August . 

9.23 

5.80 

1.64 

5.15 

2.01 

3. 46 

6.90 

Total . 

17.41 

10.44 

9. 65 

11.75 

10. 75 

19. 98 

16. 77 

September . 

3. 00 

3. 94 

3.73 

1.90 

6.21 

1.78 

3.16 

October . . . 

1.55 

L.  62 

4.93 

1.73 

3.06 

1.59 

November . 

3.29 

1.34 

3.14 

4.83 

5.37 

6. 79 

4.64 

Total . 

7.84 

6.90 

11.80 

8.46 

14.64 

10.16 

13.32 

. 

Yearly  total.... 

38.60 

44.84 

35.91 

46. 41 

50.29 

60.52 

46. 10 

Table  No.  54. — Record  of  precipitation  at  Gouverneur  for  certain  ivater  years,  as 

indicated,  from  1833  to  1875,  inclusive. 


Month. 

1833. 

1834. 

1835. 

1836. 

1837. 

1838. 

1839. 

1840. 

1841. 

1842. 

1843. 

1844. 

December . . . 

al.48 

1.66 

0. 95 

0.47 

1.63 

0.72 

1.48 

0.60 

2.42 

4.30 

0.26 

January . . . 

1.66 

1.17 

5.80 

1. 45 

3.30 

0.16 

2. 60 

1.10 

1.68 

2.60 

February  . 

4.19 

1.19 

9  99 

bj  •  bj£j 

0.24 

0. 55 

0. 49 

0.12 

2. 67 

2. 50 

0.45 

March . 

0.77 

1.93 

3. 25 

0.50 

0. 60 

1.82 

2.46 

1.09 

0. 00 

1.68 

April  . 

1.32 

1.  85 

8.25 

0.50 

0.96 

2.48 

0.90 

0.26 

0.  70 

0.40 

May . 

3.81 

2.52 

3.95 

. 

. 

2.03 

3.14 

1.89 

1.69 

0.77 

0.14 

1.99 

Total . 

13.23 

10.32 

24. 42 

6.35 

9.27 

8.32 

8.37 

8.31 

9.32 

7.38 

June . 

4.27 

5.79” 

2.69 

1.00 

2.88 

2.62 

1.82 

0.66 

1.30 

2.63 

Juljy . 

2.75 

0.84 

4.85 

3.44 

1.60 

3.52 

0.52 

2. 69 

0.77 

2.00 

3.35 

August . 

5.79 

1.52 

4.85 

2. 64 

2.80 

0. 16 

1.55 

0.09 

0. 30 

3. 07 

Total ....... _ 

12. 81 

8.15 

12.39 

5. 40 

6.56 

6.06 

1.52 

3. 90 

9.05 

September  . . 

2.41 

2.54 

2. 44 

3.97 

1.84 

1.34 

3.14 

2.69 

1.00 

1.45 

October _ _ 

3.38 

3.73 

4.57 

2.87 

5.  (X) 

0.60 

1.03 

2.74 

4.75 

5.39 

November . 

1.79 

2.63 

2.82 

. 

3.31 

2.34 

1.10 

2.35 

1.80 

1.10 

1.15 

Total . 

7.58 

8.90 

9.83 

. 

10. 15 

9.18 

3.04 

6.52 

7.23 

6.85 

7.99 

Yearly  total.... 

33.62 

27.37” 

46.64 

20. 93 

18.87 

. 

20.95 

17.06 

20.07 

24.42 

a  Mean  of— 

Potsdam . 0. 80 

Lowville .  2.16 


a  Mean  of— 

Potsdam . 0. 80 

Lowville .  2.16 


2.96 

Mean  =  1. 48 
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Tablk  No.  54. — Recorit  of  precipitation  at  Oouverneur  for  certain  miter  years,  as 
indicated,  from  JS.1.1  to  !S7.r>,  inclusive — Continued. 


Yearly  mean,  1kei-1h.v»,  thirteen  yearn,  2H 
Yearly  mean,  1W1-1MT4.  fourteen  yearn,  34.09. 

n  Pierj)ont  Manor  record. 
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Table  No.  55. — Record  of  precipitation  at  Granville  for  certain  water  years,  as 

indicated,  from  1835  to  1849,  inclusive. 


Month. 


December . 

January . 

February . 

March . 

April . 

May . 

Total . 

June . 

July . . 

August . 

Total . 

September . 

October  . 

November . 

Total . 

Yearly  total 


1835. 


a  1.98 
2.99 
1.08 
1.20 
3.36 
2. 84 


13.45 


1836. 


1837. 


1.17 

2.32 
3.52 
0. 65 
2.57 
3.69 


14.42 


4.78 
3.18 
5. 02 


12.98 


1.53 

1.79 

1.96 


5.28 


1.90 

0.63 

1.72 


4.25 


1.30 

3.63 

2.45 


7.38 


31.71 


26. 05 


3.90 


1838. 


2.18 

1.33 
0. 59 
0.39 
0. 64 

4.33 


9.46 


3. 46 
2.30 
4.33 


1839. 


2. 6o 
1.79 
1.35 
1. 66 
2.08 
2. 96 


12. 39 


1840. 


1.98 
2. 10 
1.60 
1.  71 
2. 05 
3. 65 


13.09 


1841. 


1842. 


1.30 
1.98 
0.26 

2.30 
4.70 
2.68 


13.22 


4.73 
4.  13 
1.50 


4.29 

1.68 

3.43 


10. 09  10. 36 


2. 48 
2.89 
3.36 


8.73 


2.30 

1.45 

2.01 


9. 40 


1.15 

0.90 

1.42 


3.47 


1.98 
0. 64 
1.07 
2.48 
3.29 
2.80 


12.26 


3.25 

3.80 

1.91 


8.96 


2.50 

3.79 

2.18 


2.54 
0.  70 
1.25 


5.  76 


8.47 


4.49 


3.53 

1.81 

3.70 

9.04 


28.28 


28.51  30.96  21.18 


30.26 


Month. 

1843. 

1844. 

1845. 

1846. 

1847. 

1848. 

1849. 

Mean. 

December . 

1.76 

1.67 

1.14 

1.78 

2.83 

6. 15 

5.21 

2.41 

January . 

0. 45 

2.46 

3.30 

2.36 

3.03 

3.09 

0. 80 

2.08 

February . . . 

1.17 

1.03 

1.32 

1.62 

2. 32 

1.94 

1.08 

1.42 

March . 

3. 66 

1.68 

1.  18 

1. 65 

1. 53 

2.23 

2.04 

1.74 

April . . 

2.36 

1.06 

3.18 

1.03 

1.47 

1.01 

1.02 

2. 13 

May . 

2.24 

4.06 

4.19 

3.45 

2. 94 

5.21 

3.53 

3. 47 

Total . . 

11.64 

11.96 

14.31 

11.89 

14. 12 

19.63 

13.68 

13.25 

June . . . 

1.86 

2.08 

4.23 

3.27 

3.36 

4.36 

2.21 

3.21 

July . 

4.94 

2. 65 

3. 13 

3.59 

6.27 

12. 52 

1.01 

3. 63 

August . 

2. 91 

2. 10 

3.42 

0.63 

4. 22 

3. 57 

5. 44 

2.97 

Total . 

9.71 

6.83 

10. 78 

7.49 

13.85 

20.45 

8. 66 

9.81 

September . 

1.63 

4.93 

4.45 

3.58 

3.80 

1.74 

1.13 

2.67 

October  . 

1.16 

4. 90 

2.51 

3.00 

5. 04 

2.74 

5. 22 

2.90 

November . 

1.86 

1.96 

7.54 

4.07 

3.14 

2. 15 

2.63 

2. 88 

Total . 

4.65 

11.  79 

14.50 

10.65 

11.98 

6. 63 

8.98 

8.45 

Yearly  total . 

26.00 

30.58 

39.59 

30.03 

39.95 

46. 71 

31.32 

31.51 

a  Cambridge  record. 
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Table  No.  r>6. — Jiecord  of  precipitation  at  Hamilton  for  certain  i eater  yearn ,  as 

indicated,  from  IS, 7  to  1880 ,  inclusive. 


Month.  1*27. 

1828. 

1829. 

1830. 

1831. 

1832. 

1813. 

1834.  1806.  1830. 

18117. 

1830. 

December . a  4. 10 

January .  2.33 

February . 1  :i  4* 

March .  8.10 

April .  1  93 

May  .  Ill 

5. 52 

1.53 
8. 25 

1  68 
i 

2.91 

0  37 
3.  mi 
8. 05 

1  95 

4  50 
1.65 

2. 50 
1.00 

1  m 

5  51 

1  35 
2.84 

5.78 

3  Ml 
0.52 

4  18 

1  49 

1.90 

3.09 

4  115 

1.25 

1.89 

1  85 

8  17 
2.20 

5  '1 

8  U 

0  52 
6.  Ill 

MO 
2.  75 
1.50 

2  69 

1  17 
2.  06 

8.24 

61.20  2.37 

4.57  - . 

1.33  . 

1.35  . 

1.96  . 

4.8.5  . 

cO  84 
2.99 
0. 80 
1.09 
1.19 
4  17 

Total .  16.01 

111.  64 

15. 12 

14.  SI 

17.81 

14  03  20.33 

12.  *18 

- ••••* 

15.31  1 .  ll.i*4 

. 

June .  2.08 

July .  8  21 

August .  8.  N 

5  35 
6.20 
2  38 

8.  45 
S  66 
1.87 

8. 60 
tl  75 
0.74 

4  20 
2.74 
8.89 

n  7:1 
8. 40 
6.73 

2  28 
7.79 

2  65 

3  74 
3.04 
1.86 

6.08  . 

3.86  . 

2.65  . 

4.42 

5.27 

1.90 

Total .  9  78  13.93 

-  -  -  - 

7.87 

14  IV  10. 83 

10.86 

12.  70 

8.08 

. 11.H8  .  11.59 

September .  6  .75 

November . !  1  n 

3  58 

1  14 

4  IV 

3  56 

1  66 
1  78 

2  15 
2  29 
6. 10 

2. 85 

8  ;i 

2  11 

2  SI 
2.  18 

3  24 

5  Ml 

2  96 

3  25 

4.1*4 

4  29 
1.61 

tl  14 
4.37 

1  44 

2. 61 
1.28 
2.28 

Total .  18.29  8. 76 

7  89 

10.  54 

8.H7 

8  25  11.71 

9.88 

. 11.96  . 

0  117 

Yearly  total....  42.08  39 .33 

:»•  88 

39  41 

37.31  33  74 

44  74 

81.19 

. :*.w  .  74 

Month.  1840. 

1842. 

1843. 

1*44.  1845. 

18441. 

1847. 

1848. 

1849.  I860.  Mean. 

December  .  3. 10 

January  . 

February  . 

M r 1 1  >•••••••••■••••  ••••••• 

A l »ril  . 

r2.80 

1  68 
8. 23 

3  56 

2  49 

2  o4 

2  47 

1.50 

2  30 

3. 3o 

2  :»» 
1.66 

1.83 

1  67 
llo 
1.27 
1.51 
4.39 

1  23 
2.  91 
4.26 

2  119 
2  03 
2  34 

1.88  2.87 

1.60  1.79 

3  24  3.04 

2.87  1. 50 

1  80  1  87 

3  91  2  33 

3.27 

1.48 

1.20 

2  77 

1.25 

4.26 

4.99 
1.  18 
<1  66 

1  :c 
1.47 
8. 23 

2.37 

. . 

May . . 

1 1  . I . . 

15. 79 

13  18 

11.17 

111  iw 

13  HI  12.  99 

14  28 

12  84 

June  . 

3  |o 

4  49 

3  53 

3  no 

2  10 

4  48 

1.54 

2.81 

2  71 

1  75 
2.10 
0  94 

2  52  4  83 

4  80  2  74 

I  77  |  1 1 

1  57 

5  29 
1.98 

4  40 

0.37 

2.17 

July . 

Auguat . 

Total . ! . 

11.12  10.24 

7.16 

4.72 

8  49  10. 26 

8.84 

6.94  . . 

September . 

Oetolier  . 

November . 

5. 95 
2.  77 
1.88 

4.08 

2  70 

3  35 

2.80 

3  ill 

1  HI 

A  88 
2. 68 
2.  72 

3  H3  8. 15 

1  17  8  80 

2  52  1  IB 

1.98 

1.73 

1.95 

1.48  .  . 

6.52  . 

2. it*  . 

Total . 

10.60  i  ]0  19  |  7.61 

8.00 

7.82  8.07 

6.66 

10  .02  . 

Yearly  total . 

87.51  34.01  26.74  *9.46 

29.  ill 

81.31  28.78 

29.80  . 1  34.06 

11  Mean  of— 

b  Mean  of 

c  Mean  of 

1  >n<>inlaga . 

.  1  90 

Bridgewater .... 

.  1  06 

4  'azenovla. . . 

....  1.14 

4  32 

L  tica . 

Pompey  . 

. 0.97 

Pomjiey . 

....  0.56 

1  59 

2)8.33 

4. 10 

I’tlca . 

Onondaga . . . 

....  0.84 

2.  49 

3)3.79 

3)2. 53 

8.411 

1.26 

0.84 

2.80 

0 
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Table  No.  57. — Record  of  precipitation  at  Hartwick  for  certain  water  years,  as 

indicated,  from  1826  to  1851,  inclusive. 


Month. 

1826. 

1827. 

1828. 

1829. 

1830. 

1831. 

1832. 

1833. 

1835. 

im. 

1837. 

December . . . 

a  2. 47 

1.07 

5. 05 

0. 45 

3.60 

3.91 

2. 06 

2.80 

52. 71 

0.70 

52.85 

January  . . 

3. 54 

3. 13 

3.16 

3.43 

2.21 

2.  45 

4.41 

2.53 

0.20 

February . . 

3. 49 

2. 81 

2.7(1 

2.01 

1. 00 

4.25 

4  60 

1.26 

1  62 

3. 01 

1 . 39 

2.  79 

5. 02 

2  49 

1  92 

1  07 

l  85 

April. . 

3.52 

5.31 

2.77 

5.20 

2. 62 

5.09 

1.95 

3. 78 

2.36 

Mav . . 

(1.48 

2. 17 

3.34 

2.82 

2. 56 

3. 64 

3. 95 

— 

1.91 

4A3 

Total . . 

17.43 

17.50 

18.41 

16.70 

17.01 

21.81 

18.  89 

. 

13.26 

13.21 

9. 11 

3. 18 

3.67 

7.08 

5  05 

1  60 

4  58 

3  51 

July... . .  - . 

3.69 

5.34 

2. 73 

4.61 

5.10 

4.04 

4.29 

4.33 

2. 80 

August . . 

0.  76 

6.08 

3. 56 

2.50 

0.  55 

4.98 

4.92 

. 

4.15 

2. 94 

Total _ _ 

13.56 

14.60 

9.96 

11.65 

12. 73 

14. 07 

10. 81 

. 

13.06 

. 

9.25 

September . . 

5. 92 

5.85 

3.47 

2.75 

2.83 

3. 78 

1.43 

1.13 

088 

October  . . . . . 

3. 59 

7.86 

1 . 26 

3. 25 

3. 52 

3. 90 

3. 16 

3.07 

3. 68 

November  .. . ... 

3. 25 

3. 63 

4.17 

3. 33 

5. 19 

2. 93 

3.40 

1.97 

. 

1.84 

Total .  . 

12.  76 

17.34 

8.90 

9.33 

11.54 

10. 61 

7.99 

. 

6.17 

6.40 

Yearly  total  ... 

43. 75 

49.44 

37. 27 

37. 68 

41.28 

46. 49 

37. 6!* 

. 

32.49 

28. 86 

Month. 

1838. 

1839. 

1840. 

1845. 

1846. 

1847. 

1848. 

1849. 

1850. 

1851. 

Mean. 

December . . 

2.35 

52.41 

0.98 

51.42 

1.59 

3.28 

53.27 

4.19 

52.37 

2.54 

2. 29 

2.92 

2.70 

2.26 

1.45 

0. 80 

1.95 

1 . 32 

0.74 

1.58 

0. 90 

3.40 

3.01 

3.25 

2.  71 

2.  79 

1 . 15 

1.40 

2.78 

2. 43 

6. 64 

5.78 

3. 19 

Total  _ _ 

12.07 

16.05 

16.41 

14.62 

2.40 

4.10 

3.29 

1.97 

2.66 

. 

3.59 

4.42 

4.15 

4.41 

5.91 

1.33 

1.94 

1.89 

3.22 

1.94 

Total 

7.32 

10. 46 

9.33 

9. 60 

10.51 

3.04 

4.68 

2. 19 

2.06 

3.23 

0.75 

5. 82 

2. 95 

2.73 

4. 05 

November . . 

2. 16 

4.57 

3.  82 

1.63 

2. 91 

Total  . 

15.07 

8.96 

10. 19 

Yearly  total . .. 

25. 34 

. 

41.58 

34.70 

. 

31.72 

. 

J5.32 

. 

37.40 

a  Mean  of  fourteen  years. 


5  Mean  of — 


Oxford . . . 

...  2.79 

2. 67 

1.03 

1.18 

Cherry  Valley 

...  2.52 

3.51 

_ 

0.81 

.... 

Hamilton...  .. 

...  3.24 

2.37 

1.43 

3.27  2.37 

Johnstown _ 

...  2.31 

.... 

3. 45 

o  27 

. 

4)10.86 

3)8. 55 

2)4.48 

4)5. 69 

3.27  2.37 

2.71 

2. 85 

2.24 

1.42 

II.  Doc.  149 
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7  2  2 

Tahi.k  N>>.  r*M. — Record  of  precipitat  ion  at  Hot  tserille  for  the  tea  ter  yearn  lSHH  to 

1870 ,  i netware. 


8)7.78  8)4.28  3)4.95 
1IM  1.48  1.66 


T-VBI.F.  N'».  Vd. —  Recant  of  preeijiitation  at  Hudson  for  certain  irater  years,  an 

iniiiea ted,  from  1S?7  to  18/Hl,  inelnsin. 


Month. 

1827. 

1828 

1829. 

1*31.  1831. 

1832. 

1833. 

1834. 

1835. 

Is:  10 

1842. 

18471 

1844. 

December  . 

..127 

2.90 

1  37 

3  .82  54. 48 

2  27 

4.40 

3. 10 

4.18 

1  19 

4.  no 

4.47 

0. 02 

January  . . 

2.47 

2  40 

3  73 

.  4  50 

4  10 

2  95 

1.45 

4 .  iMl 

0.92 

2.17 

2.  HI 

February  ..  .. 

2. 20 

5  :»> 

3.30 

.  3  .50 

3. 27 

2  ui 

o  40 

0.06 

2  89 

4.  so 

i  ie 

March  . . 

1.28 

2  90 

2  10 

1  55 

4  15 

2  Ml 

1  04 

2  45 

1  81 

5.  42 

2  94 

A pril  ....  .•••••••• 

4.55 

2  24 

3  Ml 

4  85 

4  30 

0  INI 

5  85 

4  50 

2  05 

2. 31 

0.81 

May  ............. 

3. 81 

3  2*. 

1  09 

2  M 

1  20 

5  90 

4  .  Ml 

2  29 

1 .02 

1.51 

3.82 

Total _ 

15.14 

18.  99 

15  99 

....  21.23 

19. 29 

18  95 

10  7o 

18.07 

13  89 

20.  08 

11  81 

June  . 

2.00 

1 

3  15 

.  3.00 

2  31 

3  20 

4  lo 

5  79 

3  45 

4  58 

3  93 

July . 

3. 07 

3  21 

4  50 

.  3  78 

0  :t4 

5  m 

3  20 

4  09 

4  o7 

2.81 

5  89 

AutniMt  . 

4.20 

0  85 

1  41 

6. 01 

3  00 

4  12 

0  05 

3.  .’81 

4  77 

0. 16 

1  71 

Total . . 

10  47 

11  w» 

9. 12 

12.00 

12  30 

12. 32 

8.85 

13  44 

12  29 

13  54 

11.53 

8ei>teml*>r . 

4.75 

7.80 

0. 00 

.  4  .'*» 

4.30 

2  75 

0  05 

1  88 

3  .59 

1.57 

1  .52 

<  k'tober  .  . . . 

4  :>i 

1.85 

2  70 

.  0  '*• 

4  15 

8.40 

2. 35 

1  05 

2  85 

5. 91 

3.41 

November . 

5.  72 

2  41* 

•» 

.  •*  —•* 

3.40 

1.40 

1  10 

1  65 

2.  48 

1.94 

0.80 

Total . 

12.  «l 

14.80 

5.91 

. 12.04 

11  85 

12. 55 

4  40 

5  18 

8. 92 

9.  42 

5.79 

Yearly  total 

3s  24 

45.  78 

31.lt.* 

.  40  80 

4.3.44 

43  82 

8*  41 

:rr.  29 

:(5  lo 

43.64 

29  13 

<i  Albany  rvcord. 
l>  Moan  of— 

Kindrrhnok . . .  4.57  3. 82 

Red  Hook  . .  4  is*  4.17 


2)81U>  7.W 
4.48  4.00 
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Table  No  59. — Record  of  precipitation  at  Hudson  for  certain  water  years,  as 
indicated,  from  1827  to  1S56,  inclusive — Continued. 


Month. 

1845. 

1846. 

1847. 

1848. 

1849. 

1850. 

1851. 

1852. 

1853. 

1854. 

1855. 

1856. 

Mean 

December . 

3.97 

2.89 

2.34 

4.  76 

3.88 

1.01 

1.15 

3.32 

13.00 

a2.16 

8.77 

3. 00 

1 . 95 

3.77 

1.59 

0.73 

1.74 

3.04 

6.56 

February  . 

1. 30 

0.82 

3. 67 

1.48 

0.62 

2. 06 

Is 

7.97 

March  . . 

2  32 

4.04 

4.53 

1.76 

3.25 

2.68 

1.74 

5.95 

April  . 

1.54 

0. 45 

0.92 

0.  42 

1.18 

3.52 

3. 91 

5  18 

May  . 

2.  lb 

3. 77 

1.98 

5.02 

4.74 

1.59 

7.49 

5.07 

Total . 

14.23 

13.93 

17.21 

15. 03 

14.40 

12.74 

22.68 

32. 89 

June . . 

1.46 

1.41 

4.27 

5. 49 

1.57 

1.98 

2. 16 

9. 16 

July . 

3.12 

3.74 

2.38 

1.50 

1.23 

5.11 

3. 44 

6.41 

August . . 

1.36 

1.49 

2.88 

2.40 

2.62 

5.09 

5.72 

2.64 

Total . 

5.94 

6.64 

9.53 

9.39 

5.42 

12.18 

11.32 

. 

18.21 

. 

Sentember.- . 

2.37 

0.73 

4. 33 

2.08 

0.08 

2.09 

1.88 

7.51 

4. 60 

October  . 

1.73 

2.00 

3.72 

4.74 

8. 36 

2.94 

2. 75 

2.62 

7.  S3 

November . 

3. 69 

2.98 

0. 98 

2.78 

4. 15 

. 

3. 86 

4.42 

1.82 

6.00 

Total . 

7.79 

5.71 

9.03 

9.60 

12  59 

. 

8. 89 

9.05 

11.95 

. 

18.53 

. 

. 

Yearly  total . 

27. 96 

26. 27 

35.  77 

34. 02 

32.41 

. 

. 

SlToT 

45. 95 

. 

69.63 

. 

38.41 

a  Mean  of — 

Albany  . . . 1.84 

Spencertown . 2.47 


a  Mean  of — 

Albany  . . . 1.84 

Spencertown . 2.47 


2)4.31 
2.  IB 


Table  No.  60. — Record  of  precipitation  at  Humphrey  for  the  water  years  1S89  to 

1898,  inclusive. 


Month. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

a  3. 21 

4. 98 

1  91 

4.38 

1.95 

5.74 

1.89 

2.82 

1.62 

3.59 

January . . 

3.16 

5.03 

1.82 

3.39 

2.62 

4.41 

3.25 

2.43 

3.06 

4.57 

February . . 

1.03 

3. 91 

4. 55 

3.45 

5.52 

1.83 

1.67 

4.83 

2. 56 

2. 47 

March  . . . 

2.34 

3.34 

2.36 

3. 45 

2.63 

2  27 

1.54 

3.33 

2.19 

3.87 

4.26 

4. 95 

2.17 

1.48 

1.31 

1.31 

1 . 39 

3.22 

•May . . . 

6.27 

9.11 

1.45 

7.46 

5.42 

9.50 

1.46 

3.35 

3.84 

3.62 

Total. . 

20. 27 

31.31 

14.26 

23.61 

23. 95 

28.28 

11.12 

18.07 

14. 66 

21.34 

June  - . 

8.85 

3.  76 

5. 95 

6.34 

4.54 

4. 43 

2. 83 

3. 63 

3. 71 

6. 87 

3. 16 

3.43 

7.22 

4.88 

2. 45 

3. 52 

7.50 

2. 59 

August . . 

1.63 

5.11 

6. 63 

4.45 

5. 82 

2.50 

3.71 

4.49 

2.68 

9.21 

Total . . 

13.64 

12.30 

19. 80 

15. 67 

14.02 

9.38 

10.06 

15.62 

14.16 

18.67 

3.12 

9.  (HI 

2.04 

2. 55 

3.83 

8.84 

1.90 

5. 05 

1.25 

3.22 

2.40 

5. 94 

?  4? 

4.27 

3. 37 

*>  *>? 

3.00 

0. 60 

6.04 

N  ovember . . .  - 

4.51 

3.81 

4.09 

4.02 

2.56 

1.64 

4.47 

2.93 

4.83 

3. 15 

Total . 

10.03 

18.  75 

8. 55 

10. 22 

10.66 

13. 85 

8.59 

10. 98 

6. 68 

12.41 

Yearly  total . . . 

43.94~ 

62.36 

42. 61 

49.50 

48.63 

51.51 

29.77 

44. 67 

35.50 

52. 42 

46.09 

a  Mean  of  all  Decembers. 
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Table  No.  61. — Reconi  of  precipitation  at  Ithaca  for  certain  miter  years,  as  indi¬ 
cated,  from  1S2S  to  1896'.  inclusive. 


Month. 

1828. 

1820. 

1X40. 

1831 

1833 

1834. 

1837 

1838. 

KB).  184(1. 

1842. 

Decemlier  . 

ii  2  (W 

II.  .VI 

M  oo 

1  47 

r  2. 50 

3. 25 

il  2. 07 

1.30 

0.02  1.72 

M  00 

1  — 

0.  no 

2.  :$n 

ii  47 

1  24 

3. 70 

2.  77 

February 

1  05 

(I  47 

2.  80 

1.67 

ll.  03 

1.36  . 

3  10 

it  38 

2. 82 

l  ii 

2. 10 

1 . 00 

2.H8 

3  70 

April 

1.20 

2  i»t 

1, 78 

0.03 

2.(11 

1.0(1  . 

2.81 

May . . 

1.34) 

ft.  .>1 

(1.0(1 

0  20 

0  01 

4  07  ... 

•  >  |  •» 

Total . 

7.81 

. 

13.  ;h 

ll.ftO 

14.  ICt 

13.  05 

13. 70  . 

10  74 

dune  . 

3.  41 

ft.  08 

1  47 

3.  ol 

ft.  28 

4.34  . 

5  in 

4.37 

3.  52 

3  70 

2.  80 

3.  70 

2.1*)  . 

4  38 

Auttu*t 

1  20 

1  02 

2  78 

3.30 

2.80 

1  31  . 

2  67 

8.08 

111  ft2 

7  05 

0  80 

11.00 

8.34  . 

12.05 

3  67 

1  00 

1  46 

2  17 

1.88  ... 

ft  15 

«  *Ctob*T . . 

1  SO 

1  40 

...... 

2. 57 

3  42 

3.57 

0  28  . 

2.  37 

November . 

:i.  13 

6.  1*8 

2. 18 

0. 91 

3  11 

1  XI  . 

2  40 

Total . 

H  82 

12.  14 

(i  :<5 

5.  70 

8.8ft 

3.09  1 . . 

0.08 

Yearly  total 

-It  ill 

36  m 

. 

25  80 

20.71 

34  40 

26  12  . 

41  77 

Month 

1S43. 

1844, 

184ft. 

1.840 

1847 

1848. 

1840 

1850. 

1851  1852. 

1853. 

1 1*  i  lnlx-r . 

s  c: 

1.82 

1.08 

0.82 

1.46 

3  :»• 

ft.  25 

. 

4.46  120 

January  . 

2  37 

1.86 

2. 13 

1  87 

1  07 

0.  Ml 

2  72  l.on 

2.00 

February  . 

1  31 

il.  4ft 

2.  Aft 

2  .54 

2  41 

il.  .54 

2.88  il  25 

March 

2  II 

2  47 

2  01 

2  51 

1  04 

1  81 1 

2  id  4  70 

3. 27 

l.lto 

3  42 

0. 8.5 

o  *3 

1  in 

3.4*4  3.72 

4  30 

May 

1.U6 

3.  8ft 

2  lit 

1  UK 

2.U1 

4  !tt 

3  if  3.85 

r  otAi  *  •  •  •  • 

13.08 

12.14 

14.30 

0.67 

10  04 

12  55 

18.15  15.68 

•T  ii lie  . . . . . .  »■•••• .  - . . . 

3. 0o 

1.30 

2  07 

3  84 

2  71 

2.  40 

4.34  I  2  ill 

4  85 

.1  111  V  . 

2.  Ml 

5  21 

2  7' 

2  4-1 

II  8#S 

4  25 

3.  40  3. 67 

2  85 

August  . 

3.80 

2  S3 

2  :»i 

3.47 

2  58 

3  87 

. 

1  78  2.52 

6.20 

Total . 

H»  .VI 

8. 77 

7. 15 

0.74 

it  15 

1U.58 

0  58  8. 10 

13. 00 

September . 

It. !« 1 

1  hi 

3.  40 

1  84 

(1  31 

2  lift 

2. :« 

2  '.*i  2  (6 

Oetola-r  . 

3. 

3.  n7 

3. 85 

8.07 

3  (18 

II  00 

4.00 

1.78  ,  2.87 

November . 

2. 06 

1  84 

3. 3ft 

5. 75 

2. 08 

0.87 

. 

2.  (■) 

1.01  1  2.(11 

Total . . 

12. 71 

l!  117 

10.66 

1(1.  00 

12  67 

3.88 

8.03 

6.50  |  6.01 

Yearly  total  . .. 

36. 20 

36.  Set 

S2.ll 

30.07 

25».  40 

27  (il 

. 

34.32  :»>  78 

a  I.ed yard  record. 

b  Mean  nf — 

Oxford  . 

Pratt*  bur*  ... 


2  52 

4.27 

1  27 

5.  70 

1)3.  70 

0.07 

1.90 

4.99 

c  Mean  nf 
i  Oxford 
Lodynrd 


i /<  )xfi>rd  record. 


3.  87 
1  12 


2)4.99 

3.00 
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Table  No.  61. — Record  of  precipitation  at  Ithaca  for  certain,  water  yearn ,  as  indi¬ 
cated,  from  1828  to  1S98,  inclusive — Continued. 


Month. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

December . . 

a  2. 83 

2.46 

3.47 

3.85 

0. 85 

2.03 

2  39 

4.07 

1.00 

2.56 

January  . . . 

3. 19 

2. 68 

2. 99 

3.78 

1.32 

2.78 

2. 18 

1.46 

1.50 

o  <>i 

February _ _ 

1.30 

2.17 

3.17 

1.33 

2.93 

2.31 

0.92 

4.61 

0.91 

1.59 

March.  _ _ 

1.70 

3. 82 

3.30 

2.88 

2.49 

1.28 

1.26 

4.  75 

3. 04 

1.63 

April.  _ _ _ 

3.43 

3.34 

2.45 

1 . 25 

3.79 

4.84 

1.47 

1.02 

2. 47 

3. 58 

May . . 

2.  03 

6. 60 

0.61 

6.46 

6. 04 

7.34 

3. 60 

2.64 

3.84 

4. 55 

. 

Total . . 

15. 08 

21.07 

15. 99 

19.55 

17. 42 

20. 58 

11.82 

18. 55 

12.  76 

16.12 

June  . .  _  . 

6.  74 

4.94 

4.56 

5. 20 

2  21 

_ J4(T 

3.37 

4.  36 

3. 54 

TM 

July - - 

6.73 

1.24 

4.25 

4.23 

5. 13 

3.17 

1.96 

3. 69 

3. 25 

4.17 

August _  _ 

3.32 

4.92 

3.24 

6.91 

3.86 

0.59 

4.12 

2. 43 

2.74 

4.42 

Total _ _ 

16.  79 

11.10 

12. 05 

16.34 

11.20 

7. 16 

9. 45 

10. 48 

9.53 

11.  GO 

September . 

2.57 

6.62 

2. 13 

1.88 

4. 38 

5. 17 

2. 03 

3.84 

4  72 

3  15 

October . . . 

3.62 

4.  66 

5  ' 

1.52 

2.15 

4.94 

0. 99 

4.37 

0  88 

5  t7 

November . .  ... 

3.35 

1.93 

2.25 

3.50 

1.25 

1.94 

2.69 

2. 00 

4. 22 

3. 15 

Total. . 

9.54 

13.21 

9.63 

6.90 

7.  78 

12. 05 

5.  71 

10. 21 

9.82 

12.17 

Yearly  total.... 

41.41 

45.38 

37. 67 

42.79 

36.40 

39. 79 

26. 98 

39. 24 

32.11 

1)9.89 

33. 97 

a  Mean  of — 

Oooperstown .  3. 30 

Geneva . . .  1. 24 

Auburn . 3.94 


3)8.48 
2. 83 

Table  No.  62. — Record  of  precipitation  at  Johnstown  for  certain  water  years ,  as 

indicated,  from  1828  to  1845,  inclusive. 


Month. 

1828. 

1829. 

1830. 

1831. 

1832. 

1833. 

1834. 

s 

1835. 

1836. 

December .  . 

January . . . 

February  . . . . 

March . . 

April . 

May  . . 

Total . 

June  . . 

July . . 

August . . 

Total . . 

September . 

October  . 

November . . 

Total.. . . 

YTearly  total _ 

o3. 60 
2.99 
2. 57 
3.19 
2.88 
4.82 

0. 64 
4.11 
2.51 
2.15 
4.49 
2.63 

2.20 

a  4.38 

3. 60 

3. 61 
3. 05 
3. 25 
2. 23 

1.10 
4. 50 
3.86 
0.80 
0. 97 
4.79 

3.51 

a  3. 70 
2. 10 
1.71 
2. 62 
3. 39 
3.67 

2.31 
3. 76 
1.98 

3.42 

4.42 
1.95 

0.50 
1.90 
2. 80 
3.24 
2.87 
1.99 

20.05  1  16.53 

. 

20. 12 

16.02 

17. 19 

17.84 

13. 30 

4. 39  I  3. 84 

5.18  3.63 

2.95  |  1.61 

5.07 

5.11 

2.59 

1.84 
4.  85 
1.94 

. 

3.52 
3. 87 
1.54 

8.04 
4.71 
5. 95 

3784 
3. 75 
1.50 

12. 52  1  9. 08 

12.  77 

8.63 

8.93 

18.  70 

9.09 

4.12 
2.00 
4. 66 

3. 49 
3.10 
2.83 

2. 70 
3.82 
0. 75 

1.05 

1.29 

3.33 

3.85 

4.86 
1.70 

0.71 

2  11 
3.46 

A  74 
3.84 
2.03 

10.78 

9. 42 

7.27 

5. 67 

10.41 

6.28 

8.61 

43. 35 

35.03 

40. 16 

30. 32 

. 

36.53 

42.82 

31.00 

a  Cherry  Valley  record. 
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Tabu  N<<.  (VJ. — Recortl  of  precipitation  at  Jalinstotrn  for  certain  tcatcr  yearn,  as 
indicated,  from  IS.'S  to  lStfi ,  inclusive — Continued. 


Month. 

1837. 

IKK 

IX  HI. 

1M41. 

1X42. 

1X43. 

1X44. 

1x45. 

Mean. 

Pccoinlier  . 

(V  !«l 

4.05 

3.45 

a  1.04 

5.  im 

2.70 

•>  OP. 
N.  Nil 

2  27 

2.  HX 

January  . 

4.64 

4.88 

3.51 

1  72 

111) 

3. 06 

3.  45 

3.30 

February  . 

:i.  74 

3. 1» 

(1  H7 

3.71 

1.25 

3.90 

4  III 

2  xrt 

IV  7:i 

5.  *7 

3  im 

3  4!' 

3.3X 

6.00 

3  44 

:i  68 

April . 

4.4*1 

2  IB 

2  34 

3  13 

2. 35 

1.07 

2  mi 

2  03 

May . 

H.  .Vi 

4. 53 

2  HO 

1  01 

1.05 

4.U1 

2  20 

3  45 

T <»tnl .  .  ••  •  • 

.1  . 

2'.  45 

14  66 

10.  14 

12.  XX 

22.  10 

18.36 

10  15 

Jane  . 

2  7ii 

•  » 

3. 65 

11.21' 

3.  44 

3.  72 

2  1H 

4.20 

July . 

Vim 

2  2.1 

3  IK 

5  21 

•»  jo 

4  52 

3.  7(1 

4  Hi 

Auirnat  . 

2. 411 

7  4*< 

2  :: 

4. 30 

3  17 

4.  Itfl 

1.07 

3.14 

Total  . . 

11.14 

16  10 

0  mi 

15.01 

m.73 

12.00 

7. 75 

11  86 

Septeinlter  . 

i  11 

1.61 

4.4m 

4.10 

2.  INI 

4  16 

1  -i 

2  H7 

OcioluT  . 

1  4.-. 

:i  21 

1  14 

2  05 

4  74 

5  (42 

3.H1 

3  20 

Noveml>er . 

2.  ml 

5  <18 

3  :b 

4  28 

2  30 

4  77 

4.  *ix 

3. 33 

Total . 

m.  7n  1 

111.  411 

m  »4 

1131 

HI  ill 

14.75 

10. 15 

0. 40 

Yearly  total 

1: 

M  1  1 

33  III 

16  16 

81.  TO 

41*  75 

36.25 

:tn  in 

ii  Fairflelil  record. 


Tabi.K  Nt>.  lid.  —  lieeonl  of  precipitation  at  Keene  Volley  for  certain  tenter  years, 
as  imlicateif,  from  1879  to  JS98,  inclusive. 


Month. 

1x70. 

1X80. 

lmrnl. 

1XX2. 

IXKl. 

18X4. 

18X5. 

lxxo. 

1X87. 

1888. 

1  >•■•  •  in  1  ►.  r 

ft.  74 

2  1C 

0.77 

3  20 

1  74 

1  14 

3  (Cl 

2  32 

1  51 

2  7tl 

January  . 

1  35 

3  33 

2  in 

1.73 

1  56 

2.  xx 

4  20 

4  'll 

3  05 

2. 30 

February 

2.  44 

3  OP 

2  30 

1  m 

3.60 

3  13 

3  22 

1  3x 

2.  !»2 

1  52 

March  . 

2  40 

1.75 

4  Hi 

4  31 

1.83 

3  lx 

1  30 

1.  70 

2  :£ 

3. 23 

April  . 

2  24 

2  lx 

1  "1 

0  HI 

1  57 

1  47 

2  75 

4.33 

2.00 

1X0 

May . 

11  ft 

2  74 

2  00 

2.  4il 

ft.  1(1 

3.01 

1.44 

2.33 

0  XI 

2. 92 

Total . 

1ft  in 

].Y  llll 

1  ;  15 

u 

15  32 

14  -1 

111  III 

111.  ID 

12.117 

14.02 

June  . 

O 

1  (15 

2  .VI 

4  06 

2  73 

1  31 

1  23 

1.86 

3.  4X 

3.  42 

July  . 

2.  xti 

3  06 

2. 2*. 

1.  XX 

3.41 

2  15 

3. 50 

3.22 

5. 76 

2.  40 

AntfUHt  . 

111* 

2.1*4 

2  « 1 

2.  i!2 

1.83 

3  ;  1 

8.05 

4.15 

1.79 

4.33 

Total . . 

7.60 

7.38 

7.  70 

X.  55 

7.441 

7  30 

12.  X4 

0.22 

11.  Ul 

10  21 

September  .  . 

2  «3 

.; 

3  21 

3.74 

2  61 

1  M 

2.  xx 

3  47 

0  53 

4.40 

October  . 

3  77 

If  4’* 

0  73 

2.  Mi 

2. 32 

5.  .44 

2.  37 

1.20 

2  IB 

Noveinlier  .  ..... 

4  on 

2. 86 

1  72 

1  Vi 

1  m.i 

2  44 

4.10 

ft.  01 

3.27 

5.06 

Total . 

m.47 

lu.28 

7.35 

5.  ID 

tv  IB 

ft.  57 

12.  41 

11 

5.ID 

12  47 

Yearly  total. . . 

32  15 

_:£!  B 

*•2" 

30.06 

30.  TO 

2X.5X 

41  34 

16 

2x  70 

37.30 

Month. 

18X0. 

1KD. 

1801. 

18H2. 

lxici. 

1814. 

1x05. 

1X08. 

Mean. 

December  . 

2.  72 

4.50 

2  58 

3.07 

0  111 

3. 02 

2.  20 

<1 1  mi 

January  . 

5  VI 

4  Kl 

4  03 

5.  IB 

1.86 

2  33 

1  12 

?.  $) 

February  . 

1.00 

3  Vi 

3.01 

1.37 

2  48 

1  (11 

1  40 

1  22 

0.  ni 

-.ii 

March  " . 

.1  0g 

2  M 

3  V.' 

1.  41 

II.  05 

n  96 

2.3) 

2  85 

April. . 

May . 

2  03 

2.  ill 

2.11 

1.  80 

2. 37 

2  :n 

3.31 

4  41 

1.80 

4.. ‘Cl 

5. 87 

4.44 

2.60 

2.20 

Total . 

15.88 

21.811 

IT  72 

17  mi 

13.  (El 

14  IB 

0. 83 

19  25 

June  . 

& ;; 

3  13 

3.30 

3  .50 

1  33 

2.72 

4.21 

2  281 

July . 

7. 02 

1  -1 

2  75 

*.  4* 

4.  ?X 

1.81) 
2. 10 

3  17 
8.(11 

4.04 

4.25 

August  . 

1.44 

7.71 

2.  mi 

5. 87 

0. 02 

Total . 

15.13 

12.68 

0  10 

17.04 

16.00 

6.68 

15  1- 

10.  70 

. 

September . 

3.04 

4  74 

1  3x 

2  71 

2  29 

3  7!< 

3  75 

3. 56 

I  >ctolx*r . 

2  mi 

3  42 

•>  «*| 

4  •*■* 

1  VI 

;  'I. 

November .  . 

3.78 

2.88 

4.3(1 

4.10 

1.04 

4.05 

5  7!i 

2  5; 

. 

Total . 

0.42 

11m 

8.  Ul 

8.58 

(1.44 

12.06 

10. 77 

;i  06 

Yearly  total  . .. 

40  43 

45.(11 

34. 86 

41  42 

:kv  Hi 

38.66 

31 1» 

mi  00 

35.93 

•i  I.uke  Placid  record. 
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Table  No.  64. — Record  of  precipitation  at  Kinderhook  for  the  water  years  from 

1S3U  to  IS 47,  inclusive. 


Mon 

1830. 

1831. 

1832. 

1833. 

1834. 

1835. 

1836. 

1837. 

1838. 

1839. 

December . 

a  3. 82 

4.57 

0.70 

2.69 

3.63 

2.02 

1.24 

5. 24 

2. 10 

0. 21 

January. . 

1.11 

2  12 

4. 22 

1.  65 

1.12 

3. 73 

2. 33 

1.10 

1.33 

1.63 

February  . 

0. 98 

2.57 

3. 08 

2. 06 

0. 53 

1.31 

2. 80 

0. 81 

1.34 

0.32 

March . 

4. 46 

2. 55 

i  > .  76 

2.01 

0.82 

2.  65 

1.81 

4.24 

1 . 40 

0.60 

April . . . 

2. 59 

5. 58 

4.07 

1. 11 

3.32 

3.  74 

2.32 

2. 47 

1.81 

4.  74 

May . . . 

4.08 

2.95 

3.95 

4.78 

4.60 

1.73 

1.72 

6.17 

3.39 

5.08 

Total . 

17.04 

20. 34 

19.78 

14.30 

14.02 

15. 18 

12. 22 

20. 03 

11.37 

12.58 

June . 

7.32 

5. 62 

4.04 

3. 23 

2.53 

9.70 

4.  77 

5. 65 

5.48 

3.00 

July . . 

2. 34 

4. 50 

10. 19 

4.71 

3.72 

4.03 

4. 10 

2.62 

4. 02 

6. 57 

August . 

0. 55 

6.04 

5.91 

4.03 

0.78 

4.50 

2.83 

2.08 

4.17 

1.69 

Total . 

10.21 

16. 16 

20. 14 

11.97 

7. 03 

18.23 

11.70 

10.35 

13. 67 

11.26 

September . 

2.11 

3. 94 

3.94 

~  3/79” 

1.41 

1.03 

1.75 

0. 99 

4.*78 

1. 85 

October  . . 

2.59 

3.  74 

3.  <38 

7. 70 

4.03 

1.38 

4. 52 

2.04 

53.  65 

1.05 

November . 

4.22 

2. 51 

3.93 

1.10 

1.07 

1.91 

1.75 

0. 85 

2.97 

3.30 

Total . 

8.92 

10.19 

11  55 

12. 65 

6.51 

4.32 

8.02 

3.88 

11. 40 

6.20 

Yearly  total. . . 

30.17 

46.69 

51.47 

38.92 

27. 56 

37.  73 

31.94 

34.26 

36. 44 

30. 04 

Month 

1840. 

1841. 

1842. 

1843. 

1844. 

1845. 

1846. 

December . 

4.32 

3. 13 

3.82 

3.08 

1 . 86 

3. 65 

2. 52 

January . . 

1.75 

4.81 

1.05 

1.67 

2.16 

3. 03 

2.72 

February  . 

1 . 79 

0.39 

2.35 

2.03 

0. 99 

1.83 

0.90 

March _ _ __ 

1.97 

1.31 

2.08 

3.60 

3. 35 

2.  79 

2.  79 

April . 

2  26 

3.83 

4.79 

3. 84 

0.86 

2. 37 

0. 81 

M‘ay._ . . 

1.36 

1.86 

1.10 

2.15 

5. 84 

3.18 

3. 98 

Total . 

13. 45 

15.35 

15. 19 

16.37 

15.06 

16. 85 

13.72 

June . . . 

2.78 

2.93 

3  AiT 

6. 58 

17  ir 

2. 15 

367 

:j  04 

*>  1  1 

5  <4 

•>  77 

4  QH 

August  . . 

4.20 

3. 86 

lioo 

3.70 

2.69 

2.55 

2. 35 

Total  . 

10.02 

8. 90 

13. 60 

13.93 

12. 55 

7. 47 

10. 00 

September . . . 

4. « 

3.29 

6.16 

2.13 

2.45 

3.47 

0. 79 

October . 

3.51 

1.29 

3. 95 

5.05 

3. 83 

3.01 

0.26 

November . 

3. 19 

3.12 

2.75 

*» 

2. 01 

4. 80 

4.08 

Total . 

11.13 

7.70 

12.86 

9.40 

8.29 

11.28 

5.13 

Yearly  total ... 

34.60 

31.95 

41. 71 

33. 72 

35. 90 

35. 60 

28.85 

1847.  Mean. 


2.  06 


36. 44 


a  Hudson  record. 


T  2  S 


DKKI 


AVATKKW  AYS 


Tahi.i  No.  <>.*>. — liecont  of  precipitation  at  Kmgx  Station  for  the  uniter  yearn  ISOl 

to  JSUS ,  inchmire. 


Month. 

1WM 

lt«8. 

18K4. 

1804. 

1805. 

18181. 

181(7. 

181(8. 

Mean. 

December  . 

.i  2  85 

4  Ofl 

l  12 

4  62 

3.181 

4  12 

1.17 

0.27 

January 

/i  3  it:. 

5  41 

2.181 

3  (81 

2.  Ill 

1  15 

2. 20 

6  26 

February  . 

1 5.  f.l 

2  :» 

(180 

3. 15 

1.20 

0.2(1 

1  75 

5. 53 

March . 

:i  i:> 

2. 2T> 

2  06 

2  17 

2.01 

0.  40 

4. 1*5 

1.74 

.\  ]>ril 

1  ia  i 

It  Hi 

:i  Is 

1  87 

ii  52 

0.  7(i 

3  08 

3  11 

2  67 

«.  21 

0.00 

5. 30 

2. 20 

3.47 

(1  35 

5. 12 

- 

Total . . 

2u  ns 

21  87 

23  (It 

20.00 

17.21 

22.04 

20  10 

27  32  . 

June 

2  t; 

1  4!) 

i  its 

5  11 

3  40 

.»  i»| 

6.  03 

8  24 

4  04 

4  81 

6.11 

3.  (Cl 

3. 06 

4  30 

8.8.1 

2  55 

August  . . 

a  i«t 

11  no 

11  2*. 

8. 14 

3  811 

2  111 

4.  7o 

11.04 

. 

Total  . 

10.  44 

n.  40 

17.88 

ii  n 

in  HI 

8.70 

20. 10 

15  .43  . 

September  ..  . 

1.08 

2  :n* 

:«  o*. 

2  82 

2  27 

0  7H 

1.05 

8  22 

\  >« *t «  ln*r . 

2  tin 

I  ;»t 

1  97 

1  72 

1  Hi 

4.26 

1  4.5 

4  8 U 

Novemlier  . 

2.  Its 

S.  12 

1.25 

2  74 

:i  z\ 

fl  17 

8. 15 

4.(8) 

Total  . 

7.2H 

0.81 

fl  87 

in.  28 

0. 181 

17.21 

11  25 

12  04 

Yearly  total 

37.  73 

„  24 

47  5 

42 

35.  IK 

a  w 

51  M 

66.  :fii 

45  24 

n < ini  way  record. 


T  MU. I  N>  —  lei  nr  l  of  prcdjiitation  at  Kiugntou  for  certain  an. ter  yearn,  ax 

iiuiicoteit,  from  1SJU  to  ISfiO,  inclusive. 


Month- 

1KSI. 

1830. 

1KU.  ( 

1*K. 

1831. 

1834. 

1835. 

1SI0. 

1837. 

1838. 

1.H.H). 

DecemlaT  . 

no.  33 

2.18) 

6.  on 

4  35 

1.K2 

3  SO 

8.56 

2  15 

5. 30 

2.  40 

1.00 

Jnuunr\  . 

4  53 

1  1(1 

3.00 

5  20 

4  (42 

2  s.5 

3.94 

3  15 

1.  15 

2.  in 

2  45 

February  . .  . 

3  ill 

1  07 

4  > 

4  15 

3  in 

1  41 

1  2H 

1  95 

(1  Ml 

1.50 

1  00 

Mil  *  1 1  ......  - 

3  I8i 

3  70 

3  4t> 

2  Ml 

•J 

2  1*2 

-*:« 

1  64 

5.  75 

•»  ih, 

1  38 

April 

4  H8 

3  :ci 

4  48 

2.60 

2  57 

2  70 

5. 118 

bill 

1.  Hi 

I  57 

2  55 

May 

2.44 

5.  10 

3  10  | 

2381 

5  (Cl 

3  48 

1.70 

2.98 

0  08 

0.25 

4.71 

T«»tal  ...... .... 

18-14 

17  25 

24  hi 

21  4' 

20.  45 

10  50 

18.71 

13.  08 

21.08 

10.08 

13.  on 

June  - 

2.  Ml 

4  83 

0.87 

2. 86 

l  4' 1 

0  07 

4  21 

4.05 

5.  40 

4  90 

2  78 

July 

3  45 

4  IS 

4  Id 

4  H4 

5  u2 

4.66 

5  15 

3  85 

1  47 

5  02 

August 

1. 00 

0. 75 

1  21 

4  U4 

2.:»i 

1  21 

2  7H 

1.4.3 

2. :»( 

5  0(1 

2.35 

Total  . 

10.37 

8. 52 

12  21 

11  88 

11  04 

12.  Id 

11.05 

11.23 

1 1  55 

11.H7 

10.75 

Septemlssr  . 

2. 12 

1  (81 

2  .'81 

0  79 

2  47 

2  :«• 

1  28 

2  70 

1  57 

4  81) 

2. 80 

( ti'tols  r  . 

3. 32 

■»  *«» 

i 

3  15 

4  .Vi 

2  i»l 

1  41 

3  17 

1  145 

2.  18 

ii.  05 

November . 

2  57 

7.HI 

2  80 

3-38 

3  7o 

1.58 

2.30 

3. 13 

0.  7s 

3.81 

3. 10 

Total . 

8.01 

11  32 

0  47 

7-* 

10.07 

6.03 

t  Id 

9. 1(1 

4.30 

10.59 

0. 55 

Yearly  total .  . . 

37.32 

37.18* 

40.(81 

40. 08 

42. 70 

35.49 

35. 35 

33. 97 

.30. 1(1 

38  64 

30  Id 

<i  Mt-un  of— 

Albany... . . 0.24 

New  burg .  0.42 


2  n  oo 
0.  33 
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Table  No.  66. — Record  of  precipitation  at  Kingston  for  certain  water  years,  as 
indicated,  from  1829  to  1850,  inclusive — Continued. 


Month. 

1840. 

1841. 

1842. 

1843. 

1845. 

1846. 

1847. 

1848. 

1849. 

1850. 

Mean. 

December . . . 

4.03 

?■  9° 

2.93 

4.44 

a  3. 92 

3.10 

4.90 

4.72 

2. 77 

January  . . 

1.95 

4.73 

3.24 

4.30 

2. 95 

3.60 

2.70 

2.65 

February  . 

1.53 

0. 85 

2.30 

_ 

3.  70 

1.00 

4.40 

2. 50 

1. 55 

March . 

3. 03 

2.05 

2. 15 

3. 80 

4.80 

3. 20 

2.60 

2.08 

April .  . . . . 

3.25 

4.40 

0.  70 

1.70 

0.60 

1.10 

0.20 

2.15 

May . . 

2.20 

1.35 

0.30 

. 

O  OK 

4.80 

2.60 

8.90 

4.98 

. 

— 

Total .  . 

15.98 

16. 30 

11.62 

19.67 

16. 80 

18.00 

21.80 

18. 13 

J  une _ _ _ 

2.  70 

4.10 

2.60 

1.80 

2.50 

4.60 

3. 63 

1.21 

July _ 

1.82 

4. 58 

6.87 

3.70 

4.30 

3.(41 

4.80 

0.  60 

August . . 

2.90 

4.17 

5.80 

1.10 

3.50 

1.70 

0.65 

4.70 

Total. . 

7.42 

12. 85 

15.27 

6.60 

10.30 

9.30 

9.08 

6.51 

. 

. 

September. . . . 

2. 15 

1.41 

1.53 

2. 55 

0.50 

6.20 

2.  85 

1.50 

October . . 

5. 65 

2.11 

0.42 

3.  75 

2. 00 

2.70 

5. 00 

8. 02 

N ovember  . . . 

2.66 

4.17 

7.55 

...... 

2.25 

5.30 

2.20 

2.40 

5.27 

— 

— 

Total . . . 

10. 46 

7.69 

9.50 

. 

8. 55 

7. 80 

11.10 

10.25 

li.79 

. 

. 

Yearly  total ... 

33.86 

IkTisi 

36.39 

. 

34.82 

34. 90 

38.40 

41.13 

39.43 

37742 

a  Mean  of — 

Poughkeepsie .  3. 86 

Hudson . . . 3.97 


2)7.83 

3.92 


Table  No.  67. — Record  of  precipitation  at  Ledyard  for  certain  water  years,  as 

indicated  from  1827  to  1851,  inclusive. 


Month. 

1827. 

1828. 

1830. 

1831. 

1832. 

1833. 

1834. 

1835. 

1844. 

1845. 

1850. 

1851. 

Mean 

December . 

al.26 

2.66 

61.31 

2.90 

1.42 

1.12 

62. 76 

1.44 

62.30 

0.50 

c3. 41 

4. 80 

January  . 

3. 54 

1.08 

4.42 

1.61 

1.08 

0.  75 

1.(17 

February . - 

9  19 

0. 63 

1.34 

2.43 

1.01 

0.25 

3.45 

March  . . 

2  S‘> 

3.20 

1.24 

1.01 

2.09 

0.  70 

0.  70 

2.51 

2.10 

3.33 

1.93 

2. 34 

1.42 

1.01 

May . . . 

2.13 

4.82 

2.34 

2. 65 

2.34 

5.15 

6. 70 

Total 

14.42 

13.14 

15. 57 

11.05 

11.62 

10. 57 

16.34 

5.25 

4.78 

0.88 

2.90 

2.00 

4. 00 

July . . 

2. 29 

4.01 

5.13 

4.77 

1.14 

5.35 

4. 50 

August  .. 

3.59 

1.68 

4. 53 

4.44 

3. 53 

3.  20 

2. 60 

Total 

11. 13 

12.16 

14.44 

10. 09 

10. 55 

11.10 

2. 37 

3. 48 

2. 94 

3.58 

2.68 

1.80 

4.94 

4.  73 

1.09 

3.22 

1.95 

1.98 

4.95 

4.51 

November  . . 

1.54 

. 

5.62 

1.41 

2.69 

. 

2.64 

. 

0. 65 

. 

3.92 

. 

. 

Total  . 

8.64 

10.19 

7. 57 

8.22 

7.30 

7.40 

13.37 

Yearly  total 

347lsT 

. 

35. 49 

37. 58 

29.36 

. 

26. 49 

. 

28.52 

. 

40.81 

. 

3T21 

a  Onondaga  Hollow  record. 


6  Mean  of —  c  Auburn  record,  3.41. 

Ithaca .  3.35  1.83 

Auburn _ ...  0.66  2.25  4.22 

Prattsburgh .  1.27  -  1.35 

Canandaigua.  2.17  3.86  _ 

Onondaga _  1.14  1.69  1.83 


4)5. 24  11.05  9.22 
1.31  2.76  2.30 


7HU 


DEEP  WATERWAYS 


Taklk  No.  68. — Record  of  precipitation  at  Liberty  for  certain  miter  years,  as  indi- 

ea fe<l.  from  1850  to  1808,  inclusive. 


Month. 

1880.  1861. 

1852. 

185a. 

18.54. 

1866. 

1856. 

1867. 

December  . 

January  . 

February . 

M arch  . 

April . 

Muv . . 

Total . 

June . 

July 

August . . 

Total . 

September . 

October 

November 

Total  . 

Yearly  total 

-  =  --i:* 

3SSS8 II 

a.  as 
2.  29 
8. 75 

il  71 
4.05 
a  in 

6.21 
2.  ill 
5.  ill 

a  m 
4.78 
5. 62 

1.88 

а.  94 

б. 48 
1.85 
6.70 

5  66 

6.  Oil  5.34 

3.H4  1.45 

1.57  |  1.22 

0.78  1.87 

3.08  2.40 

2. 82  4.  48 

4.52 
3  60 
2. 24 
3.38 
8  .  7« 
7. 17 

30  U3 

21  78 

1  65 

2  79 
4.86 

87.14  84.79 

111.  If  111.  7(1 

31.  (17 

4.88 

2  1 8 

4  44 

ti  no  2.  :i7 

5  4H  2.  42 

4  91  0. 92 

7.44 
8.8.1 
2.  if 

3.  ill 

I. 50 

II.  89 

5.  56 
7.  Ill 

4. 34 

9.78 

12  .an 

- 

a.  is 
&  48 

17.116  6.71  18. 31 

12.  If 

111.  INI 

2  57 

a  72 
2.  »w 
a.  f.» 

5. 04 

6.  .Mi 

4  :m 

3.31 
a.  «a 

9.  it* 

1  42  1.92 

4  il2  9.1(1 

4  H2  2.89 

2  94 

3  7(1 
8.30 

1"  tt  14.99  |  15  » 

in  (111  13.91 

9  00 

.  55  .66 

Month. 

1858. 

1869. 

i860. 

18«| 

1862. 

|863. 

Mean. 

Deeemlier  . 

January  . 

February 

4.1* 

2  89 

2  (15 

1  :«• 

2  3' 
5. 31 

1.88 

2  It! 

2  63 
6.41 
3. 96 
5.  18 

6. 35 

1  811 

2  97 

fl.73 
5.  45 

2  18 

. i.'w 

3.3) 
1.50 
n  511 
0.  74 

March . 

1  65 

1.41 

3  9ll 

•»  #|7 

April  . 

7.06 

2  82 

0.  1(1 
1.70 

. . 

Mav . 

Total  . 

18. 83 

21  91 

18. 10 

26.90 

- . . I . 

Jbm 

.Inly 

Ainru-t 

4  44 

7  .on 
a.  88 

7  HI 

3  70 
6. 17 

3  57 

7  114 
(I.H8 

2  mi 
a  85 

<i4  III 

9. 12 

5  13 

1  15 

....  ...... 

Total  . 

15  38 

bl 

17.  Mi 

10  '1 

15. 40 

Septemtwr  . 

1  111 

il  52 

i  a.  n.5 

1  53 

.1 

October  .  . 

2  (111 

1.04 

1  (17 

4  To 

Novemlwr  .  . 

3.  7(1 

a  no 

3  62 

1.66 

i’ab 

...  ...... 

Total . 

8.  Ill 

11  25 

8.84 

6.68 

9.  88 

. 

Yearly  total 

42  31 

60  ikl 

44  .VI 

it  29 

a  Mean  (if  eleven  year*. 
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Table  No.  69. — Record  of  precipitation  at  Lowville  for  certain  water  years ,  as 

indicated,  from  1827  to  1898 ,  inclusive . 


Month. 

1827. 

1828. 

1829. 

1830. 

1831. 

1832. 

1833. 

18:14. 

18.35. 

1836. 

1839. 

December . 

a  1.96 

2.90 

2.70. 

2.&5 

4.82 

2.11 

2.16 

00 

CO 

0.90 

2.50 

b  1.35 

3.  as 

2.65 

2.01 

1.99 

2. 48 

2. 05 

2. 10 

3.02 

3.29 

1  91 

3.10 

1  75 

5.71 

4.24 

1.75 

2.  40 

1. 13 

0.30 

1.50 

1.13 

4.53 

1.35 

1.45 

1.30 

1.35 

1.97 

April  . - . 

1.88 

1.44 

2. 60 

0.35 

3.38 

1.00 

1.45 

2.61 

1.19 

May  _ 

1.02 

2.  67 

1.83 

2. 10 

2.75 

3.15 

6.  40 

1.64 

3. 76 

Total  . 

10.45 

14.  71 

13.37 

13.07 

20.49 

14  00 

15. 16 

— 

11.92 

12. 69 

June  . . . . 

6.14 

2.45~ 

3. 44 

5.32 

2.10 

1.60 

3. 90 

6.  75 

3.47 

July  . 

2. 84 

7. 53 

3. 05 

2.  78 

5.94 

0.70 

3. 20 

. 

4. 51 

5. 21) 

August . . 

4.11 

2.63 

1.91 

1.96 

4.06 

4. 45 

2.87 

. 

5.12 

1.99 

Total  . . 

13. 09 

12.  61 

8.40 

10. 06 

12.10 

6. 75 

9.97 

. 

16.38 

10. 66 

September  . - 

2. 18 

3.25 

1.36 

sTtt- 

3. 25 

2.52 

2. 96 

1.48 

2.82 

October . . . 

4.80 

2.51 

1.67 

3. 05 

3.  48 

3. 05 

4. 50 

5. 49 

0.  46 

November  _ . . 

1.40 

2.60 

3.82 

5.24 

2.18 

2.75 

1.77 

. 

O  gry 

2.30 

Total  . 

8. 38 

8. 36 

6. 85 

11.06 

8.91 

8.32 

9. 23 

. 

9  22 

5.58 

Yearly  total  _ .  - 

31.92 

35. 68 

28.62 

34.19 

7].  50 

29. 07 

34. 36 

. 

37.52  . . . 

28.93 

18 

Month. 

1840. 

1841. 

1842. 

1843. 

1844. 

1845. 

1846. 

1847. 

1848. 

years' 

1850. 

mean. 

0.82 

3.72 

2.37 

1.37 

1.05 

1.01 

0. 90 

0. 59 

3.01 

2.  (X) 

January . . 

4. 36 

3. 15 

0.55 

1. 16 

2.  70 

2.95 

1.05 

1.96 

1.38 

2.35 

February . . 

2.36 

0. 29 

5. 67 

1.09 

1.00 

1.73 

1.86 

3. 35 

0.  80 

2.43 

March . . . 

3.21 

3.20 

2.36 

0.70 

1.88 

1.94 

1.25 

1.96 

0.68 

1.78 

April.  . . . 

4.  57 

1.65 

2. 39 

1.43 

1.26 

1.71 

0.99 

3.  76 

0.68 

1.91 

. 

May . 

1.02 

1.72 

1.31 

3.58 

3. 56 

3.  71 

1.41 

4.83 

2.  79 

. 

Total . . 

19.05 

13.03 

15.06 

7.06 

11.53 

12.90 

9.  76 

13. 03 

11.38 

13. 26 

June . . . 

2  72 

nrwT 

4. 68 

4.09 

4.10 

1.07 

2. 34 

3.48 

1.14 

3.  42 

July . . 

2.36 

2.47 

2  22 

5. 13 

1.77 

4.25 

2.53 

1  22 

8.29 

3.67 

August . - . . . 

1.73 

3. 73 

3.32 

2. 90 

1.77 

2. 98 

0.91 

2.36 

2. 45 

2. 85 

Total . . 

6.81 

9. 05 

10.22 

12.12 

7. 64 

8.30 

5. 78 

7. 06 

11.88 

9.94 

September . 

-  4.70 

5. 05 

4.68 

1.40 

1.34 

2.93 

2.16 

5. 36 

0.88 

2. 84 

October .  .. 

3.71 

fl.  54 

2.40 

3.67 

4.48 

2. 95 

5.20 

3. 99 

O  G‘> 
O.  fVrV 

3.29 

5. 80 

November . . 

2.82 

2.54 

3.18 

3.23 

1.52 

3.72 

4.27 

4. 30 

3. 06 

2.94 

1. 60 

Total.. . 

11.23 

8.13 

10.26 

8.30 

7.34 

9.60 

11.63 

13. 65 

7.16 

9.07 

Yearly  total ... 

|~37. 09~ 

30.21 

35. 54 

27.48 

26. 51 

30.80 

27.17 

33.  74 

a).  42 

.  32.27 

a  Onondaga  record.  b  Mean  of— 

Mexico .  2. 59 

Gouverneur...-. . . . . . 0.72 

Potsdam . - .  0.73 


3)4.04 

1.35 
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TaBLK  No. 


Mh—AWonl  of  jirerijiitation  at  Lotri'iUe  for  certain  i rater  yearn  as 
nuticatnl,  from  IS!?  t<>  1SU8 .  inclusive— Continued . 


Month. 


December  . . . 

January  . 

February . 

March  . 

April .  . 

J  •  •  •  •  •  m  m  m  •  •  •  •  «  •  •  • 


Total . 


June . 

J ( 1 1 4  .................. 

August . 

Total . . 

September . 

Ortolwr.  . 

November . 

Total . 

Yearly  total . . . 


Mil.  1852  1868.  186*. 

1855. 

1*50.  1*57. 

1H58. 

*.  (B< 

2  26 
2. 21 

0.  HO 

*  3  • 
a  72 

1H59. 

1H60. 

1871. 

6. at  a.u»  4.5i  1. 7(i 

8.08  1.88  . 

8.  *?  a.  ri  . 

1.1*  8. 77  . 

*  •»  2.0*  . 

8.88  |  2.  til  . 

*  si 

2  .  Is 

a.  hh 

2  :c 

1  31 

.  5. 41 

. .  1.61 

.  4.31 

. i  3.15 

.  5. 7* 

2.  75  3  tl5 

2  1'* 
2.  lT 

1  62 
*22 
a.  Mt 
1.81 

11  5.  02 
1.17 

1.00 

2.05 

1  62 
2.05 

6  a  23 

'  5  11 

8  78 
2.30 

20.32  18.78  . 

24  37 

16.  *1 

15  77 

12. 01 

. ...... 

a  >v*  2  s* 

ms  1  * 

8.48  8.61  . 

8.30 

4.44 

0  18  t  .ti 

1.  tit*  1*2 
2.83  4.96 

2.  !w 

3.  7M 
a.  35 

~3  20 
2.  7* 

*.H* 

2.IC 

5.  *0 
*81 

~T.o* 
8  68 
3. 58 

lt>.  12  |  K.»  . 

. 

*  76  lo.  72 

10.11  10.  78  |  12.  OH 

H.  05 

2  88  1.88  .  .  1 
.;  7'  2  0# 

ami  2.35  ..  . 

. .  .  • • .  -  .••••• 

4. 17  2  75 

1  31  6.n* 

2  7H  5. 15 

3  34 
*63 

2. 63 

a.  35 1  a.  31 

2  .  86  *.  56 

*  12  1  5  13 

0. 04 

1  12 

8.45 

10. *0  6.3H  . |  „  |2  04| 

1».  *5  10.33 

13.  («) 

5.81 

40.  *4  83. 3*  . 1 .  4H.ua  I 

ail  '.'7  ;i,;  .. 

:t7  161 

Month. 

1  "72. 

l-«.»> 

1-91 

1 48. 

l-Vtt. 

1MH. 

1885. 

1896. 

4.9* 

.»  g»l 

*'  73 

4  88 
0.  HO 

2.  <14 

1.HIC.  1*HN. 

■ 

votin' 

nn*an. 

••••••• 

D . Illl-T  . 

January 

February .  . 

Man  1. 

April  . 

May .  . 

3  97 

0.  6s 
1.80 

2  so 
a  3- 

1  12 

a  no 

1  :*i 

1  24 

*75 

*  II 

1.42 
•*  *•» 
*.  tm 

tl.ffh 

4. 79 

1 

2  29 

*.(* 
1.88 
88 
•  7' 

5.  si 

3  51 

a  *a 

1  72 
2. 36 

t  ■ 

2.70 
a  88 
1.88 

1  18 
8  00 
2  28 

1 .  in  a.  02 

2.  72  *  32 

1.75  2.10 

2  97  1  t£l 

2.97  2.24 

3.  97  2  78 

Total  . 

16.  *( 

18.  *7 

20  7o 

21.  IK 

2  75 

1.  :u 

1.66 

13  31 

19.  70 

15  84  16.  (JO 

June . 

July  .  . 

August . 

6  |n 
4.:#* 

4.  lo 

7  |6 
•*  :<n 

•,  Ml 

*  9* 
8.  76 

1  !•' 

2  TV 
8. 65 

1.  tat 

2 

a  i« 

1  83 
3. 50 

2  *.5 

8  40  2  57 
2.96  1.  (4) 
3. 27  3. 61 

• . . 

.... 

Total. ...  . 

19  68 

1  .  .1 

5  75 

7.90 

7.78 

9  tct  7.  78 

September . 

1  Hltolier 

9  771 

1.74 

.;  6* 
1.81 
*  ia 

2.82 

1 .69 
3.  75 

.; s* 

5  28 
2. 00 

2  63 
1.5* 

4  64 

8.  (»• 

2. 1.6 

5  23 

1 .  72  2.  92 

1.34  6.07 

5.81  a.  41 

Novemlier . 

8.23 

Total .  . 

10.00 

0  68 

8.26 

11.72 

8.81 

10  47 

8.87  j  11.40 

Yearly  total 

*7.61 

*2  41 

38  .65 

30  02 

:t7  v.5 

3*  :4*  35. 27 

35.(4* 

Mean,  Ixvi  to  lsH8,  eight  years.  38  29 

<*  Mean  of  Pterj>ont  Manor  .  ..  .  4  v. 

s'  I> 


2  tlO.  03 
&.  <JB 


b  December,  lsoi. 
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Table  No.  70. — Record  of  precipitation  at  Lyons  for  the  water  years  1880  to  ISOS, 

inclusive. 


Month. 

1889. 

1890. 

1891.  1892. 

185)3. 

1894. 

1895. 

1896. 

1897. 

1898.  Mean. 

December  . . . 

a  2. 59 

1.88 

3.04  1.57 

1.38 

2.00 

2.70 

3.74 

1.04 

3.14  L . 

January  . 

63.53 

2.92 

1.09  2.80 

o 

2.45 

O  JO 

5. 57 

2  27 

4.82  . . 

February . . 

2. 59 

2.  70 

1.52  1.30 

55.  18 

55 

2. 17 

4.28 

0.  95 

1.(53  _ 

March . . . 

2.10 

0. 94 

3.27  3.18 

1.22 

2.03 

0. 90 

5. 25 

2.37 

2.37 

April _ _ 

3.39 

2. 25 

2.08  ,  1.17 

1.(57 

2. 07 

1.54 

1.02 

2.14 

1.19  . 

May . 

4.48 

1.33  !  4.00 

4.88 

5. 31 

3. 20 

2.27 

1.84 

c  3. 03  . 

Total . . 

17.  a5 

15. 23 

12.93  14.17 

14.50 

17.01 

12.74 

20. 13 

11.21 

17. 58  . 

June . 

0.22 

3.77 

1.19  .  5.72 

5L  7l?,~ 

2. 35 

3. 39 

o  42 

2. 95 

2.80  . 

July.. . 

0.03 

4.41 

2.42  1  2.94 

4  24 

2.11 

2. 59 

c4.  71 

5. 04 

2.90  . . 

August  . . 

1. 83 

3.41 

51.58  1  4.23 

7.89 

2.23 

3. 09 

3. 65 

1.22 

5. 58  . . 

Total . 

14. 08 

11.59 

7.19  12.89 

15. 48 

0.(59 

9.07 

10. 18 

9.21 

11.40  _ 

September . . 

2.  72 

9.01 

1.10  0.81 

2.03 

4A5" 

1 .  (57 

~3. 72" 

TiF 

3.(9  . 

October . 

3.58 

4.  66 

3.58  1.20 

1 . 91 

2.  91 

0. 95 

1.20 

0.  48 

4.38  _ 

November  . . 

3.90 

2.81 

1.99  3.34 

1.05 

2.07 

2.70 

3. 24 

3.40 

3.00  . 

Total . 

10.20 

17.08 

0.  73  5. 35 

4.99 

9. 13 

5. 38 

8.22 

5. 12 

10.47  _ 

Yearly  total . . . 

41.03 

43.  90 

20.  85  ~ 51527^41 

35. 03 

32.  83 

27.79 

38.53 

25. 54" 

39.45  |  34.40 

a  Mean  of — 

Auburn .  3.  94  b  Geneva  record. 

Geneva. .  1.24  c  Rose  record. 


a  Mean  of — 

Auburn .  3.  94  b  Geneva  record. 

Geneva. .  1.24  c  Rose  record. 


2)5. 18 
2. 59 

Table  No.  71. — Record  of  precipitation  at  Malone  for  certain  water  years,  as 

indicated  from  1839  to  1S96,  inclusive. 


Month. 

1839. 

1840. 

1841. 

1842. 

1845). 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1890. 

Mean. 

December . 

a0.72 

1.07 

2  34 

ai.44 

2.87 

1.90 

3.18 

2.19 

0.21 

3. 13 

4 

January . . 

2.30 

1 . 85 

1.04 

3.74 

0.24 

2. 48 

2.18 

1.34 

February  . 

1.28 

1.83 

3. 57 

4.38 

2.51 

2. 52 

2.20 

2. 5*4 

0. 47 

March . 

1.72 

1.41 

2. 99 

3.31 

4.  (54 

0. 85 

2. 98 

1.35 

4.75 

April . . 

0. 84 

4. 00 

1.28 

4.37 

1.81 

3.44 

1.  15 

2.71 

2.17 

May. . . 

3. 21 

3.90 

. 

1.82 

1.92 

3.20 

4.  (.5 

2.85 

O  £0 

1.20 

Total 

10.07 

14.00 

12.14 

19.  08 

21.04 

14.  71 

' 

15. 13 

20.21 

June . . 

3. 59 

2.4-r 

4. 10 

4. 45 

6.  81 

3.29" 

4.  76 

3. 09 

4. 57 

July... . 

3.85 

2.  72 

5  11 

3. 20 

4.80 

7.09 

5. 17 

4.87 

3.08 

5.  71 

August . 

0.  90 

2.30 

. 

1.39 

. 

4.  86 

9. 57 

9.98 

1. 05 

7. 15 

3. 03 

Total . 

8.40 

7.55 

. 

10. 00 

14.11 

24. 07 

18.44 

10.08 

13.5*2 

13. 91 

. 

September . 

1.7)3 

3.78 

2.95 

f.TF 

2.49 

2.  71 

5. 57 

3.31 

_ 

. 

( )ctober . . .  _ 

1.25 

4.  19 

3.32 

3.  50 

2.51 

1,3(1 

3.  43 

( 1. 02 

November 

0.  75 

2.20 

1.37 

4.5*1 

2. 09 

4.44 

1.45 

2.  70 

4.84 

Total _ 

3.53 

10. 17 

7.97 

9.44 

5. 46 

11.70 

8.77 

Yearly  total 

22.00 

— 1 
00 

30.38 

. 

. 

41.  76 

55. 15 

38. 01 

40. 25 

37. 82 

37.22 

a  Mean  of— 

potsdam . . .  0.73  0.4(5 

Gouverneur .  0.  72  2. 42 


2)1. 45  2. 88 
0.73  1.44 
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TaDLE  No.  ?.*. —  ISennl  <>f  ]>reripit<it  ion  at  Mexico  Jnr  certain  icater  years,  ns  indi¬ 
cated  frovi  is.  17  in  lS6t ,  inclusive. 


Month 

1*17. 

lxt* 

1830. 

1840. 

1841. 

1x42 

1SW. 

1**4. 

1845. 

1846. 

1847. 

1848. 

1840. 

1.830. 

Decimal  >or 

<il  75 

2  73 

2  50 

(Ci. 

13 

1.37 

3.  87 

:uh 

2  10 

5.20 

1.87 

3. 112 

n3  07 

3.88 

2. 01 

January 

1.  TO 

2  77 

1.01 

3.08 

1  05 

1  74 

3  60 

2.  45 

1.42 

2  4" 

2.11) 

February  . 

i  in 

1  84 

1 

24 

2. 25 

4  8.5 

3  41 

0.115 

3  7o 

1.65 

1  l»i 

o  47 

Man’ll  . 

2  I-: 

i  on 

1  nr. 

1  58 

2  41 

6  65 

2  60 

2  75 

1  :r> 

•»  i:t 

1  ‘*7 

Ajiril . 

0.77 

1  Mi 

1 

75 

2. 06 

1  '.HI 

1  82 

1  6| 

o  02 

o  77 

1  1  Hi 

1  04 

May  .  . 

•j  ;j 

5.  13 

1 

64 

1.08 

1.00 

2.17 

4  31 

3.  10 

2.07 

4.34 

2.  SI 

. 

Total  .. 

10.  48 

14.20 

0 

73 

12  20 

16  01 

10  73 

14  87 

18.  12 

0  13 

* . 

14.  IS) 

10.88 

. 

June* . 

5.  o7 

2.81 

1  81 

1  25 

3  32 

2.  lo 

2  02 

3  52 

1  38 

•J  M 

o 

July 

4  72 

1  M 

1 

02 

1.62 

2  77 

4  24 

2  25 

3  23 

2  02 

2.  75 

i  ni 

Auinint . 

il  .VI 

1  12 

. 

1.66 

1  45 

1  78 

1.07 

2.77 

0.20 

1.30 

1.80 

1.66 

Total  .. 

m  >-■ 

5. 

SI 

4  :c.’ 

7.88 

7  41 

7.04 

6  05 

5  60 

6  01 

4  14 

September .. 

2.05 

1  55 

• 

»5 

3.61) 

5  40 

2  17 

o  ,V. 

2  .Vi 

2  1.5 

4  50 

2  71 

October 

3  V. 

1  47 

1 

Cl 

1.7 

1 

3  15 

4  17 

5.00 

3  66 

0.81 

2.37 

6.28 

7.26 

November 

:i  20 

1  15 

1. 

71 

4.65 

3  1* 

3. 76 

1.00 

1  61 

5.  48 

1  l»i 

4  ie 

4  00 

Total  .. 

0. 70 

10.17 

5.  IS 

0  06 

11.78 

lo.  40 

7.43 

7.86 

14.44 

8,  It* 

13  o| 

. 

Yearly 

total 

36.50 

82.  :il 

20  21 

26  5 

1 

:m.  57 

37.54 

20. 36 

;t*  in 

20. 17 

2*0  83 

28  04 

Month. 

la’ll. 

1X12.  lxvi. 

1HM. 

1865. 

1X56. 

1X57. 

1858. 

iHfte. 

I 

11*l| 

Ptta 

Mean 

December  . 

4 

5.34  7. 

25 

a 

18 

2.00 

4.70 

5.  16 

5  77 

4  75 

7.  is) 

1  10 

January  ... 

t  ;; 

5. 7x  2. 

•V. 

i 

32 

3  70 

3  .83 

3  (Si 

2  26 

3  75 

.3  4.8 

February 

3  86 

2.  in  a 

52 

3  12 

3  74 

4  16 

4  61 

3  80 

1  72 

3  20 

2.74 

March 

1  52 

4  10  3.40 

35 

3  50 

2  66 

3  84 

1  37 

5  8tl 

4  75 

April . 

2.  7o 

1  01  .<  40 

4  51 

2  47 

2  16 

6  43 

3  IK) 

4  86 

l.xl 

May  . 

2. 45 

2.00  3.08 

3.  ill 

2  70 

a.  66 

3  87 

3.  80 

2  50 

1.75 

-- 

Total... 

17.50 

20.00  24. 

16 

JI.54 

18.20 

21  16 

27.  m 

jo  89 

SI  47 

. 

• ••••• 

15  155 

. . 

June . 

4  oi 

2.  HI  2. 

45 

4 

56 

4  31 

1  52 

6  20 

4  04 

II  f*4\ 

- 

July 

4.82 

2  18  1 

67 

•1 

.02 

7. 56 

2  17 

2  l<» 

2  65 

3.fl:i 

August  . 

2. 4il 

1.42  3  ill 

1.72 

2  00 

3  34 

6  04 

3. 51 

5.  X» 

Total. .. 

11  :t- 

6.21  7. 

72 

•  to 

14.56 

7.1  Cl 

15.32 

10.23  13.11 

Septenilasr . 

2. 62 

4  40  5.04 

4 

8| 

5  25 

5  05 

2  52 

3  28 

3.00 

i  vtoU-r . 

3.  xl 

3  3»  3.  45 

OO 

5  26 

4  10 

5.08 

::  SB 

2  64 

November ... 

5.04 

2.86  4 

25 

3.  IS) 

2.  4.8 

3. 37 

6.80 

3. 50 

♦*' 

1  01 

. 

Total... 

11.50 

10.611  12. 

74 

10.  83 

13.  IS) 

13  51 

14  41 

0  15 

0  07 

Yearly 

total 

40  .t* 

*7.81)  44  62 

40.57 

4  5  85 

41.70 

•VI.  73 

40. 37 

46. 55 

. 

. 

. 

36.  68 

Means  ol 

Uouvi-rneur . 

1.48 

3.24 

Put  'liltlU 

Fairtteltl 

...  1  7 

4  1.25 

6  42 

Belleville 

...  2.80 

Ixiwvllle 

0. 82 

3  01 

Cazenovia  . 

3  SI 

Utica 

.  2  51  3.88 

Whitest.  Wli 

36 

Onondaga  . . . 

...  0.87  4 

<ti 
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Table  No.  73. — Record  of  precipitation  at  Middlebilrg  for  certain  water  years,  as 

indicated  from  IS 48  to  1892,  inclusive. 


Month. 

1848. 

1849. 

1871. 

1872. 

1873. 

1888. 

1889. 

1890. 

1891. 

1892. 

Mean. 

December . . 

a  4. 84 

1.79 

1.30 

1.10 

3.35 

3. 75 

3. 15 

(3.70) 

January  . . . 

1.46 

2.20 

4. 45 

2.50 

3.50 

February . 

1.77 

2. 10 

1 . 20? 

2. 60 

2.05 

2. 15 

5.00 

March . 

2.26 

6. 90 

1.50? 

5. 10 

1.50 

4.31 

3.61 

Ajiril _ _ 

2.46 

3. 30 

6. 90 

3. 30 

1.50 

1.40 

May . 

*>  Q‘> 

5.20 

7.00 

b  1 . 65 

3.35 

4.15 

3.  (Hi 

Total. . 

15.  71 

17.90 

17.36 

19. 66 

. 

. 

June . 

3.40 

6. 10 

2. 80 

4. 10 

3.20 

2.50 

July . . 

3. 30 

5. 60 

7.00 

4  45 

2.25 

2.80 

August . 

2.81 

4.50 

5.20 

7.70 

3.40 

2. 85 

2. 85 

(6.20) 

Total . 

9. 51 

1 7. 50 

11.40 

8.30 

11.50 

September  . .  _ 

2. 83 

0.80 

3.60 

2. 60 

4.30 

3.00 

5.35 

0.70 

October  . . 

2.88 

1.30 

8.00 

7.20 

4.  60 

2.40 

5.50 

3.  <X) 

November, . . 

2. 56 

. 

3.  IK) 

1.55 

5.10 

2.90 

4.45 

3.00 

(2.80) 

Total . 

8.27 

5.10 

13. 15 

14.90 

11.80 

9.85 

13. 85 

6. 50 

. 

. 

Grand  total.-.. 

33. 49 

51.95 

39. 15 

39. 51 

40.35 

a  Mean  of —  b  Cooperstown  record. 

Fairfield . . .  6.43 

Hamilton . 3.27 


2)9. 69 
4.84 

Table  No.  74. — Record  of  precipitation  at  Minaville  for  the  water  years  1868  to 

187V,  inclusive. 


Month. 

1868. 

1869. 

1870. 

Mean. 

2. 47 

3.40 

3. 70 

3.14 

2  75 

0. 97 

1.57 

4. 90 

2.73 

3.  (X) 

6.30 

April . - . . . 

2.71 

1.45 

5. 65 

7. 40 

3. 05 

2.90 

19. 42 

15. 22 

28.21 

June  . . . . . . . . ... _ 

3.30 

“4.40 

3.50 

July  . . . . . . . . . 

1.10 

5. 05 

3. 65 

August . . . . . . . . . 

2. 89 

2. 15 

2.33 

Total  . . . . . . 

7.29 

11.60 

9.54 

6.26 

4.70 

2.40 

October  . 

2.16 

7.20 

1.95 

November . . . . . . . 

5. 81 

2.75 

1.60 

Total  . . . . . . 

14.23 

14. 65 

5. 95 

. 

Yearly  total . . . . . 

40.94 

41.47 

43.70 

42. 04 

DKK1 


WATKKWAVS 


7H<> 

Tahi.k  No.  To. — Record  of  prvci/iitatinu  at  Minneiraska  and  Lake  Mohunk  for 
certain  miter  yearn ,  as  indicated  from  1891  to  1898,  inclusive. 


T \Kl.r  N<».  ?(».  —  Record  of  precipitation  tit  Mount  Morris  for  the  iratcr  years  1890 

to  1898,  inclusive. 


Month. 

ixm. 

i«*i. 

1H02. 

1-UL 

1804. 

1805. 

1808. 

1107. 

1808. 

Menu. 

(i  1  05 

«i  1  if* 

2  1C* 

<1  0  Ml 

2  IK 

52 .54 

2  60 

1.50 

1 .  HI 

4 1  '•  |4 

2  Art 

53.31 
/.  i  i; 

* 

1  4U 

1  '•> 

'*  85 

February  . 

J  S.H 

.1  2  46 

i .  2  88 

2  7i 

5  35 

1.40 

Marrh 

l.on 

ii  n  ltd 

ii  2  112 

11.97 

51  53 

1  1C* 

2.  7n 

II  15 

April . 

1  tl 

ll  IV4 

3  IH 

3. 13 

1  U2 

II  444 

2  in 

1  -ii 

Mhv 

1.01 

4  HI 

A.  82 

11.27 

1  48 

1.86 

2. 55 

2.63 

Total . 

111.  24 

13.  Ill 

15  AO 

18.82 

11.05 

It  41* 

11  25 

in.  »i3 

2.04 

i  7  7 

ii 

2  in 

2. 117 

2.82 

2  in 

2  40 

. Ii.lv 

l  40 

2  95 

2  It*. 

1  H7 

1  51 

1  74 

4.91 

2  20 

I  .*  n.i 

August . 

2  49 

3.  mi 

5.  34 

5  211 

2  27 

3  11 

1.85 

0  211 

4  50 

Total . 

8.  115 

12.  Ill 

8.04 

5.  HI 

7  v.1 

0. 58 

4  50 

H  05 

September  . 

6  43 

0.74 

1  1M 

2.96 

i  28 

1  84 

3  04 

1  no 

1.55 

<  *Ctol«T . 

5  4ll 

1  83 

l  33 

1. 88 

2  57 

<1  H4 

1  41 

II  till 

3.  Ill 

Novemlier  . 

2.07 

2.  Z\ 

ii  3  27 

1.10 

0.54 

2.80 

2.  till 

2.20 

1.74 

Total . 

ii  '*• 

4. HI 

5.78 

5.93 

7.30 

5.28 

7.05 

3  HI 

6.20 

Yearly  total. 

■s1.  m 

31.82 

20. 66 

32.07 

25.05 

•  C-*  (C* 

19  55 

25. 97 

27  44 

a  Avuu  record.  5  Menu  of  Western  Plateau. 
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Table  No.  77. — Record  of  precipitation  at  Newark  Valley  for  the  water  yearn  1891 

to  1898,  inclusive. 


Month. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

December _ 

4.12 

0. 77 

2.80 

2.09 

2.43 

1.22 

2. 85 

January . . 

3.43 

4.11 

1.40 

2.45 

2. 67 

1.30 

1.25 

4.04 

February . 

2. 75 

1.16 

2.86 

2.80 

0.78 

4.55 

1.34 

2.04 

March  .  . . 

4.37 

4.60 

2.70 

1 . 52 

1.07 

3. 98 

2.74 

2.26 

April. _ _ _ 

2. 47 

1.01 

3. 49 

4.  63 

2.70 

0. 39 

3.08 

3. 72 

May . . . 

0.57 

6.96 

6.66 

6. 50 

3. 33 

2.95 

4.01 

5.48 

Total . . 

17.17 

21.96 

17.88 

20.70 

12.54 

15. 60 

13.64 

20. 39 

June . . . 

6.11 

4.38 

1.76 

4.34 

2.59 

3.00 

3.81 

3.27 

July _ _ _ _ 

4.18 

4.24 

4.00 

3. 01 

3.38 

5. 71 

4.43 

3.62 

August . 

6. 47 

6.06 

5.17 

2.21 

4.13 

1.08 

3. 71 

8. 18 

Total . 

16. 76 

14. 68 

10.93 

9.56 

10. 10 

9.79 

11.95 

15.07 

September . 

1.47 

1.64 

5.96 

5. 05 

2.13 

3.24 

4.  71 

2.33 

October . . 

4.75 

1.84 

2.68 

6.42 

1.14 

4.26 

0.36 

6. 69 

November . . 

3.44 

2.88 

0.75 

o  23 

2. 49 

2.21 

3.82 

3.11 

Total . . 

9.66 

6. 36 

9.39 

13.70 

5. 76 

9. 71 

8.89 

12. 13 

— 

Yearly  total ... 

43. 59 

43. 00 

38.20 

43.96 

28.40 

35. 10 

34. 48 

47. 59 

39J29 

a  Waverly  record. 


Table  No.  78. — Record,  of  precipitation  at  New  Lisbon  for  the  water  years  1891  to 

1S98,  inclusive. 


Month. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1K97. 

1898. 

Mean. 

December . 

tt3.97 

4.78 

1.00 

2.38 

1.92 

4.04 

0.95 

4. 20 

January  . 

4.11 

4.40 

1.65 

2.13 

2.03 

0. 86 

1. 14 

4.37 

February  . 

3. 56 

1.50 

4.86 

1.75 

1.98 

4.31 

1.53 

2.13 

_ 

yj  arch . 

2.09 

3.44 

->  l‘> 

1.40 

1.41 

3. 96 

2.90 

1 .  H8 

April  . . . 

1.89 

1.25 

3.30 

1.50 

3.21 

0. 80 

2.63 

2  77 

May . 

2.50 

7.27 

4.90 

4.82 

2.50 

2. 4~ 

4.40 

3. 92 

. 

Total . 

18.12 

22.64 

17.83 

13.98 

13.05 

16.39 

13.55 

19.07 

June . . . 

3.72 

3.86 

1.97 

3. 88 

2.00 

4.10 

3.04 

July _ _ _ 

4.63 

6.23 

5.13 

2. 13 

2.53 

5. 12 

5. 68 

6. 50 

August . . . 

5.59 

8.70 

8.38 

2.04 

5. 76 

2.45 

3.17 

7.38 

Total . 

13. 94 

18. 79 

15.48 

8.05 

10.29 

11.34 

12.85 

16.92 

September . 

1.39 

2.76 

4.05 

5.74 

2. 16 

5. 07 

3. 19 

4. 96 

October  . 

3.26 

1.61 

1.25 

4.67 

1 . 45 

2. 09 

0.73 

7.19 

November . 

2.55 

3.63 

0.95 

2.00 

2.98 

2.96 

4.04 

3.64 

Total . 

7.20 

8.00 

6.25 

12.41 

6.59 

10. 12 

7.96 

15. 78 

. 

Yearly  total ... 

39.26 

49. 43 

39. 56 

34.44 

29.93 

37. 85 

34.36 

51. 77 

39. 58 

a  Mean  of — 

Cooperstown .  4. 33 

Oxford . .  3.61 


a  Mean  of — 

Cooperstown .  4. 33 

Oxford . .  3.61 


2)  7.94 
3. 97 

■47 
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Table  No.  79. — Record  of  precipitation  at  North  Hammond  for  certain  icater 
years,  as  indicated,  from  1866  to  1808,  inclusive. 


Month. 

1886. 

1*817. 

Him. 

1800. 

1870. 

1871. 

1872. 

1880. 

1800. 

D»>conil>er 

O  2.  to 

»  11 

2.04 

1.97 

4  III 

3.50 

2  31 

62.08 

4.11 

.Tanuury . 

l  55 

3.3« 

1.58 

2.  40 

5. 1*4 

1  :a* 

2  57 

2  114 

3.27 

February  . . 

1. 41* 

4  53 

1  :fi* 

4  ID 

3.  11 

2. 54 

2. 75 

1.01 

4.38 

i  n 

i  at 

1  1*3 

1  !*i 

2  75 

5  37 

.11  HI 

1  8| 

April  . 

3.07 

r>.  *i** 

0  18* 

0  05 

0.  If. 

4  HI 

2. 17 

1.78 

Mfty  .......  .  . - 

da.  on 

Hill 

a.  3? 

3.85 

d  1.01 

2. 10 

2.35 

3. 50 

Total . 

17.35 

U  1ft 

18.30 

18  (13 

18.(11 

18  59 

11.78 

18. 04 

s  74 

1  33 

0  7ft 

3  10 

0  07 

1  88 

7  Ml 

3  12 

July.. 

3  21 

4  17 

1  <■! 

1.54 

1  27 

4  23 

4.08 

2.78 

AugUMt  .  .. 

0.  SI 

3.45 

1.55 

1.74 

2.  (11 

3.21 

1.78 

3.83 

Total .  ..  . 

a.  68 

8.05 

3.27 

.1  18 

4.30 

9.32 

. 

13. 22 

9  53 

SepN'iiiU'r 

10.  44 

1  10 

5.80 

5  :»* 

3. 13 

0  80 

2  48 

3  00 

(  Vtoln-r . 

4.14 

5  08 

1.50 

7.24 

8. 72 

d  1  83 

3.  40 

ei.  20 

« .78 

3  17 

«  37 

3. 77 

2  14 

3.01 

3.11 

2  85 

Total  . 

a  .to 

0.36 

13  58 

1ft  :ti 

11.00 

5.33 

. 

0. 08 

8  80 

Yearly  total  . 

ftO.  » 

47.45 

33,« 

34  .36 

33.  24 

34.00 

r.  *7 

Month. 

1801. 

1803 

1.803 

1W4 

1805. 

184*1. 

1807. 

1*8*1. 

Mean. 

Deoambar 

1  75 

a* 

0. 1*6 

3. 63 

/3  47 

4  72 

1.02 

2.51 

January  . 

3.  SO 

2  5H 

2  28 

2.  8(1 

3  .V* 

1  (»l 

1  47 

2. 57 

February . 

3.04 

1  34 

1  <1 

0.92 

1  18 

3.91 

1.35 

2  75 

fi  i*> 

2  ifi 

It  1*8 

2  *18 

1  41 

3  31 

1  82 

t.00 

I  80 

1.80 

a  52 

1.31 

2  70 

1.33 

2  57 

1.  44 

May  . 

1.04 

4  24 

8.(11 

1  1 17 

1  41 

2  78 

3. 01 

8.  OH 

Total  . 

16.01 

15  ;ir> 

15  fill 

15. 31 

13. 75 

18  43 

1ft  14 

14  43  . 

1  *C* 

8  25 

i  i*i 

;«  aft 

(1  ill 

2  no 

.  ,r. 

2.  on 

Juiy . 

ft.  :»i 

4  21 

j/3  :t* 

3  83 

2  '.'( 

2.  43 

4  :ci 

it  ftft 

. 

Auguet . 

5.  18 

11  78 

o  75 

1.  IK 

3.48 

4  i*l 

2. 19 

5.1*1 

Total . . 

It  ■ 

24  24 

It  01 

8.81 

7.11 

8.85 

0.44 

7-77  . 

KfpttMIlluT.  .  . 

1  (' 

3  26 

I/S  50 

2  02 

2.70 

4.  .VI 

1.70 

4  41 

OctolieT  .... 

3.*** 

1  .30 

1/1. (I* 

6  31 

0.78 

1  35 

0.78 

4.42 

November . 

2  33 

3.  74 

2.  20 

2  01 

5.48 

2  31 

4.01 

1.53 

ToUl . 

8.80 

8.» 

5.78 

10  24 

8.04 

8  18 

(1.  40 

10.3ft 

Yearly  total  ... 

36  18 

47.W7 

;ti.  38 

33.  80 

20  80 

33  44 

31.07 

32. 68 

37.23 

a  Mean  of — 

There** . 

tiouverneur . 

..  .  2.81 
....  2  Vl 

l>  Mean  of— 

Utica . 

Palermo . 

_ an 

cCantou  record. 

2*6  31 

2  85 

<*  Mean  of — 

Dekall*  Junction  .. 
Canton  . 

ilOouverneur  rec**rd. 

.  . 2. 28 

2)5. 37 
2.88 

/Mean  of— 

Dekalb  J unction . . 

'  lan  ton . 

Ogdenaburg . 

....  2.36 
....2.00 

2)6.04 

07 

2)4. 68 

2.20 

</  Mean  of 

Dekalb  Junction . 

Ogdeusburg  . 

.  5.44 

.  1.20 

216.84 

3.32 

3.13  1.30 
1.88  0.83 

ft.  01  1.09 

i  S6  l  .oo 
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Table  No.  80. — Reco7-d  of  precipitation  at  North  Volney  for  the  water  years  1872 

to  1886,  inclusive. 


Month. 

1872. 

1873. 

1874. 

1875. 

1876. 

1877. 

1878. 

1879. 

December . - 

2.65 

3.00 

1.95 

1.80 

3  05 

1  90 

8  35 

Januarv . 

2.90 

6.05 

2.35 

4.25 

2  60 

3  SO 

2  80 

February  . 

3.07 

2.55 

4.70 

0  30 

3  20 

2  80 

March . 

6.97 

2.90 

2.20 

3  30 

3. 80 

2  75 

2  00 

April _ _  _ 

2.75 

3. 65 

2.95 

2.05 

1.45 

2.95 

0  65 

May . . 

2.00 

1.85 

2.20 

1.10 

1.15 

3. 15 

1.65 

Total  . . 

18.92 

20.52 

14.20 

17.20 

12.35 

17.75 

18.25 

June . . 

2.00 

5.55 

3.30 

2. 45 

2.90 

3.50 

3.72 

July . 

3.33 

5.40 

7.80 

2.25 

3.90 

5.25 

2.85 

2.90 

August . . 

1.13 

2.90 

0.95 

1.40 

0. 75 

2.80 

4.75 

2.65 

Total . 

10.30 

14.30 

6.95 

7.10 

10. 95 

11.10 

9.27 

September  . . 

3. 66 

2.90 

3.25 

4.25 

4.65 

2.70 

2.20 

2.63 

October . . 

6.20 

5.94 

3.10 

3. 25 

3.80 

2.75 

5.80 

1.85 

November . . 

2.38 

3.50 

3.45 

2.70 

3.85 

4. 10 

5.05 

5.60 

Total . 

12.24 

12.34 

9.80 

10.20 

12.30 

9.55 

13.05 

10.08 

Yearly  total... 

41.56 

44.62 

31. 35 

36.60 

32.85 

41.90 

37760 

Month. 

1880. 

1881. 

1882. 

1883. 

’  1884. 

1885. 

1886. 

Mean. 

December . 

3. 70 

2. 00 

5.80 

3.35 

2.85 

3.50 

3. 65 

January . . . 

2.30 

2.35 

2. 70 

2.35 

3.70 

3. 15 

4.45 

February  . 

2.60 

3.30 

2.70 

3.10 

3.25 

2.20 

2.25 

March . . 

2.85 

2.70 

3. 12 

2. 15 

3. 90 

0.90 

3.25 

April . . 

2.30 

1.20 

1.80 

1.60 

0.80 

2.  40 

2. 15 

May . - .  . 

2.75 

2.20 

3.55 

6.70 

1.85 

2.70 

Total . 

16.50 

13. 75 

19. 67 

19.25 

14.85 

2.35 

2.60 

3.33 

4.55 

1.15 

3.05 

3.15 

2. 90 

1.00 

3.95 

2.50 

4.35 

August . 

4.55 

a  1.84 

2.95 

1.50 

3.20 

2.20 

Tota  1 . 

10.05 

7.34 

7.28 

10.00 

6.85 

9.60 

September  . . 

1.70 

1.42 

2. 75 

2.55 

2.20 

3.30 

October .  . . 

3. 90 

4. 15 

1.20 

2.35 

3.22 

3.70 

November . 

5.65 

2.80 

1.45 

4.00 

2.65 

2.95 

Total  .. 

11.25 

8.37 

5.40 

8.90 

8.07 

9.95 

Yearly  total... 

37.80 

29.46 

32.35 

38.15 

31.27 

34.40 

36. 15 

a  Mean  of — 

Oswego . . . . . 1.69 

Palermo . . .  1.99 


a  Mean  of — 

Oswego . . . . . 1.69 

Palermo . . .  1.99 


2 )  3. 68 
1.84 
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Tahi.e  Nn.  81. — liccoril  of  preeipitation  of  .V  nwlnr  Four  for  tin  renter  j,enrn  1SX9 

to  I  XUS,  inch/ sirs. 


Month. 

1880. 

l«m. 

1801. 

i  mb.  ] 

1803. 

1804 

1HH.Y 

lrtm. 

1807. 

18118. 

Mean. 

December  . 

n  2  118 

4  2» 

3. 32 

8  88 

ft.  02 

3.  lo 

ft  32 

2.  30 

4.(10 

■  luuuurv  . 

7.00 

«.  (14 

4  Oft 

11.  .38  1 

2.  4*1 

3.87 

4  78 

3.04 

3.  1.5 

ft.  lift 

February  . 

ft.  42 

4  40 

3. 87 

3. 37 

2  44 

3.  43 

2  .57 

7.  03 

3.  21 

3.  12 

. 

March  . 

2  11 

3  24 

3  32 

3  24 

2. 27 

3.  40 

2.  .50 

n  6ft 

4.2ft 

2  1 1 

April . 

2  88 

2.  OH 

2.  :m 

1  77 

3.08 

1  80 

2  70 

1  84 

3.  Itt 

3  27 

7.08 

1  57 

ft  <1 

tl  :«> 

4  41 

3.17 

2.  ltl 

3.  Ml 

3.71 

Total . . . 

23  l* 

20  37 

18.  40 

25.  .'hi 

20.73 

22  01 

IB.  CO 

20.84 

21.  12 

22  3B 

.Tutu-  . 

8.  40 

4  01 

3  23 

ft  :i4 

ft  itt 

4.  no 

2.  4*1 

2  81 

4.29 

2  77 

,T  \  i  ]  v 

ft  02 

4  KI 

8  HI 

ft  01 

4.27 

2  .Vi 

4  1ft 

7  oft 

tl  HI 

2  10 

Autrunt . . . 

3.  80 

11  20 

4  12 

0.(11 

ll  til 

1.00 

ft  82 

3.47 

4.07 

li  .3(1 

Total  . . 

17.31 

13  21 

1ft  81 

20  2ft 

1ft  ICI 

8  24 

12  43 

13  :« 

15.  72 

11.62 

...... 

September 

3.  tift 

8.  441 

•>  Oj 

4  HI 

ft  HI 

ft  .57 

n  42 

ft.  01 

3. 37 

ft  17 

( >c  toiler . — 

4  :«» 

3.  Ml 

3  52 

3.  47 

2  .35 

tl  7o 

2  HI 

3  44 

2  :{8 

tl  78 

November  . . 

ft  20 

4  24 

4  84 

8.« 

3  no 

2  70 

tl  :d 

4  7ft 

n  4ft 

3  40 

Total . 

13  21 

HI  3H 

10.  ft7 

13  .30 

11. til 

14  1C 

1ft  27 

13.20 

12  20 

1ft  44 

Yearly  total .. 

.VI  no 

nl  in 

44  87 

fto  2o 

48  27 

40  12 

4*1  To 

53  37 

40.  04 

40  35 

61. 17 

II  Mean  of 

Utica  .  3. 12 

I‘h)*thim  . . . .  . 2.23 


ii  Mi-hu  of 

Utica  .  3. 12 

1‘ali-rmn  . . . .  . 2.23 


-  ■. 

2  88 


Tahi.e  N<>.  Hi, — }{reoril  of  precipitation  at  Oneiila  for  certain  miter  yearn,  a*  indi- 

eateit.from  1SHS  to  1S7S,  i  net  ion'  tv. 


Month. 

18113. 

18(44. 

1M6. 

iHnn. 

18«7. 

lx«a. 

Ixno. 

1870. 

December.  . — 

4  lrt 

3  72 

3.70 

3.74 

4.00 

4.82 

January 

3  48 

.3  Nl 

1  HI 

2  tlft 

4  Mi 

5  KI 

2  30 

February 

•i 

3  38 

.5  .at 

1  Ml 

2  .30 

4  41 

ft  no 

March 

3  70 

2  82 

2  07 

•i  3  83 

4  80 

3  46 

3  40 

Aj>rll . 

3  :C 

8.  at 

1  72 

7  :fi» 

3.  Mi 

4  34 

2  44 

May . 

ft  40 

4. 37 

12  81 

10.  (ft 

ft  no 

3  38 

Total . 

. b- . 

25.80 

19.84 

an.  on 

20  38 

25.  82 

22.  Ill 

June  . . 

3.  18 

7  te 

ft  .38 

10  48 

7  48 

n  si 

o  nn 

4  7dl 

July . 

h  Nl 

12  63 

n  21 

ft.  78 

ft.  Ml 

ft  07 

12  14 

tl  73 

AUKURt . . 

12  73 

12  53 

1  .58 

7.06 

ft.  15 

tl  (Ml 

ft.  95 

14.  40 

Total  ...  ..... 

24.71 

32  14 

13  37 

SI.  31 

18  54 

19.40 

27.  7ft 

25. 72 

SepU’inU'r 

0  Hi 

0  (18 

ft.  117 

lo  7o 

ft  14 

7  SI 

<  >rtol**r 

7.11 

7.84 

3-08 

4  12 

2  47 

8  03 

(1.5  Mi 

November  . 

rt.23 

7.3H 

2.  KI 

10  144 

It  4  18 

a  a  05 

Total 

SI  23 

10.52 

12.  72 

SI  81 

18  25 

1ft  31 

Yearly  total  . 

«2. 40 

82.87 

(12. 24 

72.  ftd 

71  82 

83. 04 

ii  Mean  of 

South  Trenton _ 3.  JO  U  til  8.00  3.;at  4  Tii 


.  2.  Oft  3.  IH  4lih  2  7ft  4  01 

Palermo . ..  t.96  2.00  2.20  3.00  2.  HO 


310  Ml  12  54  1ft  18  8  14  H  OT 
3.03  4  18  ft.  HI  3  Oft  3.  Mil 


DEEP  WATERWAYS 


741 


Table  No.  82. — Record  for  precipitation  at  Oneida  for  certain  water  years,  as  indi¬ 
cated,  from  1863  to  1878,  inclusive — Continued. 


Mouth. 


December 
January. . 
February 

March _ 

April . 

May . . 


Total 


June _ _ 

July  . . . 

August . . . 

Total . 

September . . 

October . . 

November . 

Total . 

Yearly  total  . 


1871. 

]S72. 

1S74. 

1875. 

1876. 

i  M 

!  oc 

1  D 

1878. 

Mean. 

3.  58 

3.79 

6.97 

3.20 

5.  70 

2.00 

l.lt 

9. 96 

3. 95 

4.80 

4.72 

1.95 

11.01 

3.14 

10.20 

1.00 

6. 49 

3.83 

9.78 

3. 19 

7.71 

5  99 

5  39 

5.41 

4.17 

2  73 

4. 12 

4.60 

4.17 

2.77 

25. 03 

45.02 

20. 19 

8. 73 

10. 38 

a  3.  89 

4.49 

12. 61 

6. 39 

(5. 57 

5.40 

5. 36 

7.48 

2.42 

5. 05 

18.62 

28.35 

21.43 

12.88 

16. 17 

1.71 

5. 95 

6.  HI 

7.33 

3. 15 

3.  48 

3.39 

8. 45 

3. 34 

5.74 

5.83 

4.32 

2. 20 

4.09 

11.02 

12.87 

12. 98 

54. 67 

87. 03 

62.46 

49. 34 

64. 83 

Table  No.  83. — Record  of  precipitation  at  Onondaga  Hollow  for  certain  water 
years,  as  indicated,  from  1826  to  1841/,  inclusive. 


Month. 

1826. 

1827. 

1S28. 

1829. 

1830. 

1832. 

1833. 

1834. 

18:15. 

1836. 

December . . 

a  1.95 

1.96 

3.63 

1.81 

1.14 

52.06 

2.90 

1.69 

C2.02 

0. 94 

January . 

4. 23 

7.86 

1 . 55 

3. 26 

1  22 

1.08 

0. 93 

6.2!) 

February . . 

2. 23 

2. 69 

1.42 

0.51 

. 

1.44 

1.43 

1.43 

2.07 

March . 

3.16 

9  ^9 

1. 10 

0. 39 

0.54 

2. 28 

1.31 

0. 53 

April  .  _ 

2. 18 

2.05 

1.25 

1.94 

0.  85 

2.08 

4.28 

1.48 

May . 

0. 50 

1.77 

0.54 

1.39 

. 

1.86 

4.73 

. 

1.07 

6. 73 

Total . 

14. 25 

18.  05 

9.49 

9.30 

7.97 

14.50 

— 

11.04 

18.04 

June . 

4.75 

4.20 

1.97 

4.46 

3.08 

2. 1 15 

6. 53 

4. 51 

July  . . . 

1  99 

1.81 

10.23 

5.00 

2. 86 

3. 48 

2.71 

1.10 

August . 

0.24 

1.75 

6.65 

2.30 

. 

6.28 

1 . 55 

. 

5.69 

1.98 

Total . 

6.31 

7.76 

18.  85 

11.76 

12.22 

7.08 

. 

14. 93 

7.59 

September  . 

1.99 

1.58 

3. 63 

2.48 

2.16 

3.20 

1.96 

3.25 

October  . . 

2.91 

4.97 

3. 15 

2.13 

2  22 

1.84 

3.27 

3.57 

November .  — 

1.20 

3.46 

2.49 

2.01 

2. 79 

1.38 

2.31 

1.97 

Total _ _ 

6.10 

10.01 

9.27 

6.62 

7.17 

6. 42 

. 

7.54 

8.79 

Yearly  total... 

26.66 

36. 42 

37.61 

27. 68 

27. 36 

28.00 

. 

33. 51 

34.42 

a  Mean  of  all  Decembers.  c  Mean  of — 


b  Mean  of— 

Cazenovia . . 

.  2.30 

Cazenovia . 

.  .  0. 25 

Utica . 

. . .  1.89 

Utica . 

. . .  3.88 

Auburn . 

.  1.88 

2)4- 13 

3)6. 07 

2.06 

2.02 

742 
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Takle  No.  83. — Record  of  precipitation  ot  Onondaga  Holloir  for  certain  voter 
yearn,  as  indicated,  from  lSi'i  to  IS’,',,  inclusive — Continued. 


Month. 

1837. 

lsns. 

1830. 

1MO. 

1841. 

2  M 

2  20 
o.  41< 

2  4-’ 

2.  <1 

2. 01 

1842 

1843. 

1844. 

Mean. 

Decemlwr  . 

.Innuarv  . 

February 

0.  *7 

1. ao 

2.  u 

2  01 
1.08 

2  27 

I  14 

II  71 
(I  77 

o  a 

1  50 
5.87 

2SSij5£ 

4.(8 

i«r> 

1  24 

2  71 
t  64 
2. 86 

2.  40 

1  04 
1.80 
1.87 
1.70 
1.06 

2  50 
2.  40 
2.37 

4  84 

1.78 

1  73 

1 . 83 
1.36 
0.  43 
1.70 
1.50 
5.08 

........ 

March .  . . 

April . 

May ... 

. 

Total . 

B.flfl 

10  00 

13.08 

15. 81 

12  51 

10.01 

15.11 

11.86 

Juno  . . . 

4  00 

:i  T‘. 

3  m2 

3  47 

2  00 

3  30 

(IB 

2  Ml 

July . 

4  2V* 

2.  i>4 

3  or, 

3.  82 

3  13 

5  13 

2  10 

2  im 

AuiniMt  .  . 

4.41 

4  47 

3  11 

4  31 

1.00 

2.64 

1  BO 

2  77 

Total . 

).‘i.  (Hi 

10.  Htl 

0  08 

11.00 

0  .73  I 

in.  07 

7.  (a* 

7.43 

SopP'llllaT 

2  :m 

2  17 

1.80 

4  on 

1  88 

5  11 

oo 

1  08 

Octolier 

4  25 

4  43 

0.98 

3  23 

1  :t* 

3. 87 

5. 10 

5  :t8 

Novenilx*r . 

2.  <t* 

2. 06 

2  07 

1.81 

4  10 

3. 1*4 

1  27 

Total  . 

•  a 

1*  25 

0  07 

7.30 

12  02 

12  '.'7 

8  *7 

■ 

Yearly  total  ... 

;t'  > 

30.  71 

20  20 

30  48 

20  54 

34  50 

27.85 

31  v, 

T  \  ni. i  N«*.  M. —  Record  of  pn  i-ipitat  inn  at  Osingo  for  rtain  voter  years,  as  indi~ 

cated,  f  rom  l* 44  to  Jttflg,  inclusive. 


Month. 

1M4. 

184.5. 

1840. 

1840. 

i860. 

1851. 

1852. 

1 85.1. 

1854. 

1855. 

1856. 

I  leromWr 

<i2  ie 

3  71 

3  02 

/,  3  88 

2.1* 

2  00 

4  41 

4  (<• 

1.00 

1.47 

.lantiarv 

1  43 

3  01 

2  :»i 

1  10 

1  ns 

2  01 

2  70 

1  17 

1  Ml 

4  lt5 

February 

0  |0 

2  08 

2  03 

1  15 

1  118 

2. 31 

2  14 

4  12 

1.82 

2  Ml 

March 

1.64 

0  85 

1  V, 

2  02 

o  37 

3  1C 

3  00 

0.  SO 

1  20 

1  50 

A pril  ...  . 

1  40 

2  48 

1  20 

1  it5 

3.  :»• 

1  01 

0  08 

3  04 

0.  7o 

2  it.* 

May .  .  . 

3  74 

2  30 

3  ill 

3  04 

1  31 

0.  Ni 

2.01 

0.  72 

S'  OH 

Total  .  ... 

10  38 

15  12 

13  51 

13  40 

11  0,5 

15  0| 

14.51 

15..K 

8.(0 

14  02 

June . 

-  «o 

4  r.i 

1  i- 

1  00 

2  HI 

2. 55 

t 

0  72 

3.60 

1  71 

July . 

1  42 

1  58 

0  00 

O.IIO 

2  :C 

1  Is 

0  13 

5.20 

3  04 

August  . 

0  50 

aO  38 

1  01 

1  25 

1  :c* 

o  .53 

1  05 

•>  |*1 

Total . 

10  12 

o  no 

3  HO 

0  :t7 

..  :i 

5  77 

. 

. 

10.  45 

7  47 

September  . 

0  54 

3.  «3 

2  20 

2  40 

1  74 

3  31 

2  IC 

6  4<i 

4  *ctober . 

4 

5  00 

0  :»l 

5. 5B 

2  48 

4  so 

0.  s2 

3  40 

1.50 

November . 

i.ag 

2. 05 

2  77 

4.81 

4  07 

4  47 

1.09 

2  25 

r  2.110 

Total.. . 

0  45 

11  88 

. 

11  :ci 

12  so 

0  10 

12  58 

. 

7. 07 

III  781 

Yearly  total 

32  05 

28  75 

33.82 

30.  44 

:t*  so 

. 

20. 15 

32  06 

a  Mean  <>( — 

Mexico .  . 

.  2  10 

0  20 

c  Mean  of 

Palermo  . 

o  57 

2-4.  in 

0.77 

2  >5  33 

2.08 

0  3s 

2.«n 

t>  Mexico  record. 
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Table  No.  84. — Record  of  precipitation  at  Oswego  for  certain  water  years,  as 
indicated ,  from  1844  to  1898,  inclusive — Continued. 


Month. 

1857. 

1858. 

1859. 

1860. 

1861. 

1862. 

186)1. 

1864. 

1865. 

1866. 

1867. 

6.41 

o3. 37 

1 . 61 

2.75 

3.  75 

4.24 

2. 83 

4.85 

2. 98 

2. 99 

3.55 

3. 61 

4.85 

3. 95 

1  14 

4.26 

February  . 

3. 94 

3. 85 

3.56 

2.80 

3. 01 

3.61 

2.85 

3.32 

1.76 

7.07 

4.20 

5.  49 

2.82 

3. 16 

4.86 

2. 31 

2.65 

April . . . 

4.35 

7.03 

4.74 

2. 93 

6.25 

4.27 

3. 58 

3.33 

3.62 

May . 

4.00 

4.90 

5.95 

3. 19 

5.00 

6.73 

2.60 

2.88 

6.57 

Total _  _ 

25. 10 

20.33 

23.23 

25.  77 

22. 84 

15.34 

25.27 

June . . .  ... 

3.15 

2. 20 

3. 10 

4. 00 

0. 88 

5. 95 

4.  sT 

1.41 

July - - 

1.57 

5.95 

7.69 

5.51 

4.3E 

1.00 

2.35 

2.3)3 

1.94 

August  . 

5.28 

3.21 

1. 65 

2.51 

5  25 

6.  66 

1.13 

3.  73 

2.53 

Total. . 

12. 31 

11.54 

11.12 

13. 60 

8.54 

9.43 

10. 87 

5.88 

September . 

1.98 

3. 86 

6. 86 

3.70 

4.45 

1.83 

3.30 

5. 31 

2.19 

October .  ... 

4.60 

2. 31 

6. 30 

a  4. 96 

5. 48 

5.72 

6.32 

3.  77 

1.28 

November . 

5.61 

3.65 

. 

2. 01 

3. 80 

8.40 

4.44 

2. 84 

5.92 

1.67 

Total ...  _ 

12.19 

. 

9.82 

. 

15.17 

12. 46 

18.33 

11.99 

12.46 

15.00 

5.14 

Yearly  total . . 

1 

43.91 

55. 16 

46. 30 

44.73 

41.21 

36.29 

Month. 

1868. 

1809.. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

1876. 

1877. 

1878. 

December  . . . 

3. 78 

5. 12 

4. 60 

3.33 

1.30 

1.07 

3.34 

1.44 

1.62 

1.02 

2.34 

January . — 

5. 49 

2.30 

3.28 

2. 15 

1.48 

1 . 35 

5. 6<  1 

2. 40 

3. 91 

2. 31 

4.  16 

February . . 

2. 35 

4.50 

1.98 

1.68 

1.18 

0.28 

1.89 

1.84 

4.51 

0. 22 

2.98 

March . 

3. 40 

4.10 

2. 92 

2.94 

2.4)1 

5.  47 

1.64 

1.34 

3.  08 

4.48 

4. 05 

April _ _  _ 

1.53 

2.00 

1.38 

3.24 

1.44 

2.62 

2.26 

2. 08 

2.61 

1 . 60 

3. 42 

May. . 

2.08 

0.83 

1.32 

2. 72 

1.41 

2.08 

3.38 

1.22 

0.54 

3. 69 

Total . 

19.90 

20. 10 

14.99 

14.66 

10. 55 

12.20 

16.81 

12.48 

16. 95 

10.23 

20.64 

J\me . . . 

3.14 

3.92 

2. 15 

2.20 

4.48 

1.91 

4.98 

3. 03 

4.01 

3.33 

3.28 

July . 

1.93 

6. 67 

4.72 

2.88 

1.84 

3.71 

7.62 

3.43 

3. 30 

5.89 

3.  91 

August . 

3. 13 

4.21 

3. 50 

5.92 

0.71 

2.46 

0.29 

2.46 

0.45 

2. 19 

4.41 

Total  . 

8.20 

14.80 

10.37 

11.00 

7.03 

8.08 

12.89 

8.92 

7.76 

11.41 

11.60 

September . 

3.65 

2.28 

TTotT 

^4r 

2. 39 

HhlsT 

4.23 

4.13 

2.83 

2.62 

October . . 

0.93 

5.10 

4.98 

1.44 

5. 91 

6. 57 

2. 05 

3.04 

3.41 

2.37 

7. 55 

November . . 

7.44 

3. 93 

2.75 

2.96 

1.91 

1.78 

1.89 

2.56 

2.55 

4.04 

5.27 

Total . . 

13. 07 

12.68 

10. 01 

5.40 

10.26 

10.  74 

7. 13 

9.83 

10.09 

9.24 

15. 44 

Yearly  total . .. 

41.17 

47. 58 

a5. 37 

liFoo” 

27.84 

31.02~ 

36.8)1 

31.23 

34.80 

30.88 

47.68 

a  Mean  of — 

Palermo .  4.20  7.90 

Pierpont  Manor _ ...  2.90  3.26 

Sack etts  Harbor. .  2.90  3.72 

3)10.12  14.88 
3.37  4.96 
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Tablk  No.  ^t, — Record  of  /ireci />i tut  ion  of  Osircfjn  for  certain  icater  t/ears,  ns 
indicated,  from  18. lb  to  18: >8,  inclusive— Continued. 


Month. 

1*70. 

lwm. 

1**1. 

1882. 

1**3.  1*84. 

1*85. 

l*H*l. 

1**7. 

1***. 

1  S*0. 

iWomlior . 

10.  4# 

5.  l** 

4.24 

it.  7* 

4  !*i  4  *1* 

2.  HI 

:i  ht 

2.  33 

2.2< 

o  *>1 

January  . 

1.50 

a.  no 

4  1.5 

4  4*1 

1  in  ft.  40 

2.  02 

3. 20 

0.02 

2.01 

(.85 

February . 

2. 02 

4.  *1 

4.74 

3  :*i 

2  7«  2  .0* 

1  22 

2  lo 

a.  4* 

1  «2 

2. 17 

March  . 

2  54 

4.17 

5.08 

3  2* 

0  *4  a  *1 

0.  4* 

3  73 

1  21 

1  70 

n.55 

April  . 

0.  85 

2.2* 

1.10 

2  l*< 

1  30  11*8 

1  **l 

a  lift 

1.5* 

2.  ID 

2.  *.5 

May . 

1.00 

4.0*1 

2.  41 

4  *3 

7  *tl  2.  IB* 

a.  a 

7 

1  1i2 

1  08 

1.56 

1.61 

Total . 

20  20 

24. :» 

21  *1 

24  73 

1*.id  20.83 

11.56 

l*.  tw 

10. 55 

11  35 

13  tu 

:i  •*? 

!1  ?•* 

O.  «l 

1  74 

1.73 

»  la 

1  12 

3.21  l.WI 

4.80 

1. 

4  24 

1*2 

2. 32 

9  sl 

3  <12 

AiitfuM  . 

3.  ;>i 

a  25 

!.•» 

3.iw 

2  1*1  1.71 

-•ff 

2.5* 

1.  *D 

4.5*1 

l.ite 

Total . 

10  5*1 

0  20 

*1.40 

.  !C< 

0.95  5.  ID 

11.20 

7. 8o 

8.23 

0  4* 

la  *5 

Septeinlier. . 

2.1*5 

1  51 

o  7*1 

2  42 

2  :e  1.02 

a.  H2 

4  an 

1.01 

5  27 

2  :c 

OctoluT . 

1  07 

4  :t* 

4  *11 

0.50 

1  1*4  3.21 

3. 38 

•j  i° 

2  :fii 

3. 24 

a.  57 

Novcmlx-r . 

5.  *V4 

ft  4.5 

a.  la 

2.  40 

3  02  2  ID 

2.  1 

1 

4  117 

2.  a* 

3. 52 

6.  43 

Total  . 

10. 2*1 

1  2  2* 

8.50 

5  :c* 

7.2*  7.22 

9  12 

10  w 

ft.  ft* 

12  ltl 

11.52 

Yearly  total 

41.11 

44  m 

:w.  71 

87.98  85.31  32. 1*4 

31 .  ** 

37  m 

21. 46 

:c*  **i 

39. 01 

Month. 

1*11). 

1*91. 

1MC\  1*941  1*04.  1M*5. 

iNOft. 

1*97. 

1*ID 

Mean. 

l>eoeniiipr . 

a.  :»• 

l.tsl 

4  ll>  1. 

53  3  *4 

a  11 

6  21 

a  in 

a.  mi 

January . • 

4  4*1 

a  m 

2  10  2 

i»t  a  24 

2  04 

2  04 

ft.ift 

5.  1*1 

February  . 

25 

2  *1 

i  J9  2 

1 1  3  02 

2  ;»i 

4  00 

1  26 

2  HI 

March 

1  *5 

4  15 

1  7 

4  1 

21  1  0.5 

l  mi 

i 

4  11* 

•*  ID 

A  j  •  r  1 1 

2  ltl 

1.38 

0.8*  a  17  1.94 

2  07 

1  ml 

2  4*1 

2  32 

4  *11 

i.i** 

4  12  4. 

VI  4  lift 

a  25 

2  4*1 

2. 7*1 

4  14 

. 

Total . 

10  H3 

It  :m 

15  22  14  63  19.55  15  **1 

20.  4* 

10.8* 

10. 01 

June . 

2. 4J 

15* 

*1  1*5  2 

2*i  3.741 

1  211 

1  57 

3  56 

1  12 

July . . 

•  1» 

4  lo 

4  *•>  1 

IH  1.88 

1  117 

5  Ml 

3. 15 

a.  23 

▲OffUSt 

2  19 

2  11 

4.  :t*  8. 

47  0. 90 

a  ;t* 

8.00 

1.70 

3. 27 

. 

Total . 1 

7.N0 

7.70 

15  :«  0.  *3  II.  4*1 

1  » 

10.  4*1 

*41 

;  es 

Heptctu  bar . 

(1  :tl 

1  > 

1  52  2 

*1  3  45 

2  25 

4.05 

0  81 

4  to 

1  NtolxT  . 

4  ill 

2  *» 

2  Hi  2. 

2»  i  4  20 

2  :ai 

1  4.5 

0  51 

5.  .53 

Novemlmr  .  .. 

4  It 

2  *Ui 

3.30  2. 

04  3.  4* 

4  44 

3  0.5 

ft  56 

3. 33 

••••••• 

Total . 

II  1" 

0.143 

il  '2  >‘i'l  11.13 

0  ID 

0  45 

7.H* 

13. 21 

Yearly  total  . 

42  51 

2*  :*> 

iff.  37  ;t: 

47  3714  ill  39 

Di.  39 

:»i  17 

40.70 

36  ft5 
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Table  No.  85. — Record  of  precipitation  at  Oxford  for  certain  water  years,  as  indi¬ 
cated,  from  1829  to  1898,  inclusive. 


Month. 

1839. 

1830. 

1831. 

1832. 

183!?. 

1834.  1835. 

1836. 

1837. 

1838 

4 

1839. 

1840. 

December . 

a  0.41 

3. 53 

2.94 

0.94 

3. 87 

1.61  i  2.79 

0. 90 

2. 67 

1.65 

1.03 

2. 49 

January . 

3.71 

3.07 

2.71 

2.30 

1.85 

0.92  2.35 

5.11 

2. 39 

1.64 

4.97 

2. 37 

February . 

3. 40 

0.  73 

1.67 

5.81 

1 . 65 

1.29  1.68 

2.48 

1.74 

1.05 

1.23 

3. 09 

March . - 

3.  43 

3. 93 

1.21 

1.04 

0.  80 

0.96  1.93 

0. 54 

3. 30 

1.14 

1.74 

2.80 

April - 

5. 07 

1.56 

1.93 

1.71 

0. 33 

1.57  5.27 

2.14 

0.77 

1.  68 

3. 05 

4.20 

May . - . - 

1.99 

3.43 

1.23 

1.92 

6. 15 

3. 27  2. 14 

3.70 

5.23 

6. 15 

4. 96 

4. 66 

Total . . 

10.00 

14.34 

11.69 

13.72 

14. 65 

9.62  16.16 

14.87 

16.10 

13.31 

16.98 

19. 61 

June . . . 

3. 00 

5. 04 

TiT 

2. 63 

2. 47 

4.73  !  5.72 

5.84 

4.12 

3.72 

4. 56 

4. 10 

July  - - - 

3. 17 

4. 50 

4.26 

0. 70 

3.  66) 

3. 59  3.  46 

6.96 

4.68 

2. 86 

5.20 

3.12 

August . 

3.  ,84 

0. 86 

4. 13 

5.38 

3.48 

3.43  5.38 

3.04 

3.37 

3.70 

2  j*> 

4. 45 

Total . 

10.01 

10.40 

12.76 

8.71 

9.61 

11.75  14.56 

15. 84 

12.17 

10.28 

11.88 

11. 67 

September. . .  . 

3.69 

1.93 

3. 75 

1.62 

4.11 

2.03  1.79 

2.93 

2. 55 

3. 50 

3. 05 

3.39 

October . . 

3.41 

3. 31 

3. 52 

1.64 

4.38 

3.17  i  5.12 

4. 35 

5. 13 

3. 65 

0.67 

4.  99 

November . 

3.43 

4.59 

0.91 

2.38 

2.20 

1.79  1  2.92 

1.44 

1.67 

3.10 

2. 74 

1.40 

Total . . 

8.53 

8.73 

8.18 

5. 64 

10.69 

6.99  9.83 

8.72 

9. 35 

10.25 

6. 46 

9.78 

Yearly  total. . . 

34. 60 

33.37 

~32J>3 

28. 07 

34. 95 

28. 36  40. 55 

39.43 

37.62 

33.  S4~ 

J5.32 

41.06 

Month. 

1841. 

1843. 

1843. 

1844. 

1845. 

1846.  1850. 

1851. 

1852. 

1853. 

1854. 

1855. 

December . . 

3. 35 

4.27 

3. 97 

1.82 

1.18 

1.28  ; _ 

4.46 

2.54 

4.38 

1.26 

2. 55 

3  7,s 

1  80 

2.50 

1.81 

2. 57 

1.02 

2.13 

2. 83 

1.97 

3  40 

0  49 

4  31 

2  61 

()  21 

1  22 

1  98 

4  13 

3  17 

1  37 

March  ...  . . . 

3. 86 

3. 90 

4.01 

1.82 

2.87 

1.49 

2.56 

2. 10 

2. 76 

1.10 

April . . 

4. 33 

3.97 

4.52 

1.33 

2.77 

4.28 

2. 94 

3. 85 

7.11 

4.43 

May  _ 

3. 03 

1.49 

i.  04 

6.18 

2.44 

4. 20 

3.14 

5.  To 

3.22 

3.80 

Total . — 

16.73 

18.  74 

18.65 

13.17 

13. 05 

. .1. . 

20.61 

15. 29 

23.00 

19.49 

16. 65 

J  une . . . 

3.43 

4.52 

5.39 

1.63 

5.08 

5.02 

3.33 

3.48 

2.10 

10.93 

July . . 

3. 13 

4.20 

3. 76 

8.29 

3.04 

. 1 

2.  78 

3.52 

5. 68 

4.04 

5.21 

August . . 

3.90 

4.93 

4.26 

3. 61 

1.61 

1.92 

2. 71 

4.94 

2.08 

4.44 

Total . . 

9.45 

13.65 

13.41 

13.53 

9.73 

1 

9.56 

14.10 

8.22 

20.58 

September . 

IFstT 

6.96 

Til 

3.21 

4.34 

2. 92 

3  22 

7. 76 

4.77 

2.18 

October  . . . 

1.33 

2. 67 

4.79 

3. 53 

3.90 

. .1  2. ii 

1.70 

2.62 

3. 21 

53. 1 1 

4.26 

November . 

4.10 

3.58 

o 

2.07 

2.20 

.  2. 55 

4. 85 

4.95 

3.43 

62. 71 

2.98 

Total  . . 

8.36 

13. 21 

11.33 

8.81 

10.44 

9.47 

10. 79 

14.40 

10. 59 

9.42 

Yearly  total... 

34.54 

45. 60 

43.38 

a5.si 

~33722 

35. 64 

51.50 

38. 30 

46. 65 

a  Mean  of — 

Hamilton . . . . 0.37 

Hartwick . . 0.45 


a  Mean  of — 

Hamilton . . . . 0.37 

Hartwick . . 0.45 


3)0. 82 
0.41 


6  Cooperstown  record. 
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Tahi.i  No.  N5. — Record  af  precipitation  at  Oxford  far  certain  iratcrycant,a.Hindi- 
rated,  from  /*"'  In  lft’JS,  inelwrin — Continued. 


Monthv 

1856. 

1857. 

1M4I. 

1801. 

1892.  1M«. 

1M*4. 

iHttfi. 

1806. 

18117 

1808. 

Mean 

December . 

3.  .VI 

1.67 

•i  2  36 

3. 61 

5.  •>  1  37 

3  28 

2  00 

4.21 

1.72 

4.01 

January  . 

1  4.1 

4  20 

4  KI 

6. 47  2. 57 

2  85 

3  46 

1  88 

1.76 

4  7(1 

Februnry  . 

0.611 

:t  7:1 

4  15 

1.60  4  47 

2  46 

2.(41 

4  1*7 

2  ((!' 

3  11 

March  . 

l  ;ir 

4  4* 

2  78 

4.  87  2  58 

1  Ml 

2  13 

5  56 

4  IK 

2.  75 

2  98 

3.64 

2  4  4 

1  74  4  80 

2  7H 

2  76 

0.  77 

3  76 

4.00 

May . 

3  57 

10.04 

1 

8  37  6.21 

5  1(1 

2  78 

3  53 

5  47 

3.14) 

. 

Total  ......... 

13. 54 

. 

28  45 

10  20 

20.40  22.01 

18  27 

15  73 

21.05 

18  88 

21  4.1 

. 

June . 

1  92 

5  27 

5. 44 

4.12  3.70 

4  IB 

1.74 

2.  H6 

4  80 

3. 58 

July . . 

2  73 

2  25 

4  27 

5.  62  6. 01 

2.73 

2  48 

5. 37 

8.(4 

3.41 

Auiruftt . . 

4  !*4 

7.  44 

6  02 

7.1*.  7  37 

2  36 

4.50 

2.71 

2.68 

0.82 

I  ot  hI  ■••••• . . 

9.50 

14  1*1 

15.  73 

17.64  17  1* 

0. 11 

8  81 

11  (4 

15  52 

16.81 

. 

Hepteinber 

4  76 

7.  H7 

2  72 

2  50  3  04 

6  11 

2  64 

2  15 

3. 13 

4.1*0 

(  Ictolicr 

o  ul 

6  21 

4  42 

1  62  1  46 

5  1*7 

1  06 

2  60 

0  80 

7.08 

Moranbar 

•>  *W 

2  OO 

2  56 

3  44  1. 72 

2  .V< 

3  05 

2  66 

4.85 

4.  .58 

. 

Total . 

7.  M» 

15  1*7 

9.  70 

T.W  7  1-* 

14  mi 

7  6ft 

7. 50 

8.  78 

16. 65 

. 

Yearly  total. .. 

3i.  ie 

50  .> 

44  83 

54  .60  46  21 

42  04 

:t_*  in 

:m  50 

43  18 

56.  811 

:w  ho 

•I  Mean  Ilf 

(  VK>|H>rHtOWIl . 2  68 

Ithaca  . 2  *6 

»  Kortrltfbt .  1  t*4 


3 1?  it* 
*3  36 


TvIU.K  No.  8*1.  —  Iti'Canl  af  y »/-•  cipitai inn  at  i’ahrtnn  far  tin  iratcr  years  to 

ISf»S,  inclnsii'e. 


Month. 

1854. 

1855. 

1656. 

1857. 

1858. 

18V*.  i860. 

1  Mil. 

lMi2. 

1863. 

1mV4. 

1805. 

Decemlier  . 

<1  3.  18 

*.30 

2. 60 

5.2i 

5. 50 

3  141  6.50 

4  21 

4  21 

2  60 

5  (41 

5  11) 

January  . 

2  141 

2  5(1 

2  50 

a  i4i 

2  (41 

2  40  2  (41 

3  21 

3  VI 

8  60 

4.00 

3  40 

. 

•*  ]|| 

120 

•»  in 

;j  in 

1  Vi  3  40 

;i  i» 

;i  7(i 

*»  7ll 

:(  m 

•>  m 

M  1  r  *  *  1 » 

2  (II 

1  1*' 

1 

If'  311 

1  Til 

7  in  3  VI 

4  'at 

44 1 

**  'Ml 

•>  <«i 

5  10 

April . 

2.  *41 

2  30 

2. 10 

2  in 

4  .VI 

7  141  2  (41 

4  21 

2  141 

6  21 

4  V) 

2  70 

w y  • . • • * . .  -•  . • • » • 

1.30 

2  141 

3.  (41 

4.(41 

2  141 

4  141  2  50 

4 10 

3  10 

5.  10 

6.  VI 

3  V) 

Total . 

14.68 

13  141 

13. 141 

21  141 

30.80 

25  80  *0.80 

21. 141 

22.60  33. 10 

27  Id 

21.80 

June .  ... 

3  50 

5.80 

1.50 

8. 50 

3  .VI 

3  21  6  80 

3  VI 

3  •■> 

2  Vi 

(1  7ll 

8.80 

July . 

3  (■( 

4  50 

2.  in 

1  50 

5  60 

5  141  2  80 

3  80 

5  50 

4  21 

1  10 

3.00 

Autfuxt 

1.50 

1.441 

3  30 

3.:4i 

8. 10 

3.2i  2  141 

3  60 

2  40 

5.30 

6  40 

1  10 

Total . 

H.m 

11.70 

6.141 

18.  :»> 

12  2) 

12VI  12.41 

111  70 

111  14) 

11.80 

8.21 

12  14) 

Srpteinlier  . 

4  7(1 

1  80 

5  141 

2.31 

8.60 

3  80  4  7(1 

4  Hi 

3  50 

2. 50 

2.70 

4  2) 

October  . 

4  141 

4  14> 

4  10 

2  50 

2  21 

2  40  4  70 

4  60 

7  141 

3.  Vi 

6.141 

5  141 

November - 

2.  811 

1*0 

3. 30 

5.60 

;i.  :m 

3  50  5. 21 

4  50 

3.  70 

4.30 

5.141 

3  35 

Total . 

12  40 

7  141 

13. :«( 

10.30 

9. 10 

8  7(1  14  60 

13. 21 

15.  10 

10.  VI 

14.60 

13  15 

Yearly  total 

.15  IK 

33.50 

33.30 

44  (41 

42  111 

47  80  47.30 

47.  HO 

48.  60 

45. 30 

48.141 

47.85 

a  Mr xii-ii  record. 
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Table  No.  86. — Record  of  precipitation  at  Palermo  for  the  u'ater  years  1854  to 

1898,  inclusive — Continued. 


Month. 

1866. 

1867. 

1868. 

I860. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

1876. 

1877. 

December . 

3. 10 

6. 05 

3.00 

6.80 

2.90 

3.10 

4.20 

2. 40 

4.80 

1.60 

3. 50 

4.91 

January . 

1.56 

4.70 

4.50 

1.50 

4.30 

2.  70 

1.70 

3.10 

6.50 

0.30 

4.10 

3.50 

February  . 

7.20 

2. 50 

2. 90 

3. 90 

4.10 

1.70 

1.30 

1.  85 

3. 40 

2.41 

5. 40 

0.10 

March . 

2.35 

2. 95 

2.60 

1.90 

3. 80 

2. 61 

2. 50 

6.  10 

2. 40 

3.40 

3. 50 

2.70 

April . . . 

2.90 

2.70 

1.50 

1.30 

1.10 

2.80 

1.10 

1.03 

4.10 

1.50 

2.60 

1.70 

May . 

2.70 

6.90 

2.60 

3. 10 

0. 30 

0. 60 

1.50 

1.40 

1.80 

1.30 

1.10 

0.40 

Total . 

19.81 

25.80 

17. 10 

18.50 

16.50 

13. 51 

12.30 

15.88 

23. 00 

10.51 

20.20 

13.31 

June _ _ 

4.80 

1.60 

2.80 

3.00 

0.  70 

2. 10 

3. 30 

0.  80 

4. 80 

~&2<r 

2.90 

2.50 

July . . . 

2.80 

2.40 

0.70 

4.70 

3.  70 

1.40 

3.  70 

6. 10 

6. 60 

1.90 

3.  60 

4. 90 

August . . 

0.41 

1. 60 

2.70 

2. 60 

0.50 

5.20 

1.10 

2.30 

0.60 

1.60 

1.00 

2.54 

Total . 

8.01 

5.60 

6.20 

10.30 

4.90 

8.70 

8. 10 

9.20 

12.00 

6.70 

7.50 

9.94 

September _ 

7.  .‘30 

2.30 

4.  10 

3.80 

3.75 

L20~ 

3. 30 

2.90 

3. 20 

4.20 

4.40 

2760 

October . . 

4.30 

1.00 

1.40 

5. 10 

2. 20 

1.20 

6.30 

5.70 

3.40 

3.19 

3. 60 

3.00 

November . 

6.60 

1.40 

6. 25 

2.00 

3.00 

3.20 

3. 30 

3.50 

3. 90 

3.60 

3.50 

3. 71 

Total _ _ 

18. 20 

4.70 

11.  75 

10. 90 

8.95 

5.60 

12.90 

12. 10 

10. 50 

10. 90 

11.50 

9. 31 

Yearly  total... 

46. 02 

^oThf 

35. 05 

39.  70 

~30.75~ 

2744’ 

33. 30 

37. 18 

45.50 

28A 1 

39.29 

32.56 

Yearly  mean,  twenty-three  years.  1854  to  39.96. 


Month. 

1878. 

1879. 

1880. 

1881. 

1882. 

1883. 

1884. 

1885. 

1886. 

1887. 

1888. 

December . 

3.30 

7.95 

3.34 

1.88 

5.40 

3. 51 

2.63 

3.42 

3. 93 

2. 97 

2.45 

January . . 

3.60 

3.10 

2  21 

2. 69 

2. 95 

2.95 

9.16 

3. 41 

3.90 

5. 39 

3. 53 

2.39 

4  89 

2. 49 

3. 34 

2. 50 

3.91 

3.60 

2.55 

2.36 

2. 03 

1.91 

March . . . . 

2  52 

1.75 

1.82 

2.75 

4.22 

1.27 

3. 23 

0.68 

1. 68 

1.08 

1.89 

April.. . 

3.00 

0. 26 

1  .  titi 

0. 88 

1.67 

1.16 

0. 68 

1.00 

2. 13 

1.12 

2.30 

May . 

3.20 

1.79 

2.57 

1.48 

1C 

!  cc 

5.  87 

1.28 

2.29 

1.07 

1. 87 

1.17 

Total . . 

17.92 

19.74 

14.09 

13.92 

19. 32 

17.  77 

11.58 

13. 35 

15.07 

14.46 

13.25 

June  . . 

3.20 

3.49 

2  12 

2.04 

2  92 

4.21 

1.27 

2. 02 

3.44 

2  27 

2.26 

July . 

2.  70 

3.10 

3. 54 

2.35 

0.64 

3.17 

1.62 

3.  85 

1.83 

2.65 

3. 13 

August . . . . 

5.  50 

2.36 

3.82 

1.99 

2.82 

1.29 

2.19 

2.98 

2. 30 

1.91 

3.46 

Total . . 

11.40 

8.95 

9.48 

6.38 

6.38 

8.67 

5.08 

9.  75 

7. 57 

6. 83 

8.85 

September .  - . 

1 . 60 

1.57 

1.04 

1.34 

1.85 

1.83 

1.91 

3. 99 

3.70 

2.&3 

4.23 

October . . 

5. 35 

1.15 

2.87 

3.81 

0. 30 

1.89 

2. 65 

3. 12 

1.85 

1 . 9:? 

2. 20 

November . 

4.05 

4.38 

5.  75 

1.82 

1.01 

3. 57 

2.18 

2. 50 

4.31 

3. 25 

3.45 

Total . . 

11.00 

7.10 

9.66 

6.97 

3.16 

7.20 

5* 

1  1 
! 

9.61 

9.86 

7. 51 

9.88 

Yearly  total ... 

111.  52 

Ifi.  tsT 

33.23 

26737 

28.86 

153.64 

23. 40 

32.71 

32. 50 

28.89 

31.98 

Month. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

December . . 

2.25 

2.23 

3.48 

4.95 

1.35 

3. 22 

2  27 

6.01 

2.36 

4. 08 

January  . 

3.48 

4.  11 

2. 44 

3.11 

3.07 

3.40 

1.96 

2.  09 

ti.  78 

2. 91 

_ _ _ 

February . . 

2.83 

2.  62 

3. 45 

2.23 

3.99 

3. 14 

2. 05 

5.13 

1.14 

2.  59 

....... 

March  . . . 

2.  59 

1.49 

3.  80 

2.47 

1 . 32 

1.89 

0.  88 

8.  ti7 

4. 15 

1.26 

. ...... 

April. . . . . 

2.05 

2.90 

1.73 

1.09 

3.  ($6 

1.75 

0.52 

0.41 

1.49 

1.75 

.  ...... 

May.. . . . 

1.17 

4.  75 

0.44 

4.62 

4.72 

6.94 

2.90 

2.36 

2.  99 

4.10 

Total  .  . 

14.37 

17. 20 

15. 34 

17. 57 

18.11 

19. 35 

10.58 

19.58 

18.91 

16.60 

June . . 

7. 17~ 

2.60 

1.03 

6. 55 

2. 26 

3.  56 

1.92 

2.31 

4.07 

1.20 

X  til 

3  ti8 

4  83 

5. 60 

1  49 

1  85 

O  ‘>4. 

5. 07 

4  22 

1.60 

August  ...  . . . 

1.20 

1.95 

2. 05 

7.45 

5.51 

1.55 

3.61 

2. 13 

1.00 

2.93 

Total . 

11.98 

8.23 

7.91 

19. 60 

9.26 

6.96 

7.  77 

9.51 

9.29 

5.73 

2  70 

2.  74 

2.89 

3.44 

2.20 

2.51 

0.69 

4.98 

3.28 

4. 19 

3. 51 

2.93 

2.24 

2.59 

2.02 

0. 40 

5. 14 

November . . 

4.11 

3.95 

2.88 

3.97 

o  39 

4. 14 

2.83 

3.60 

8.17 

3.25 

Total . . . 

10.09 

15. 69 

8.05 

9.64 

7.36 

11.99 

7.62 

8. 13 

9.26 

12.47 

Yearly  total ... 

36.44 

41.12 

31.30 

46.81 

34. 73 

38. 30 

25. 97 

37.22 

37. 46 

34.80 

37.01 

Yearly  mean,  twenty  two  years,  1877  to  1898,  33.83. 
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Taiii  r.  N<». 


Month. 


Decemlx'r 

January 

February 

March 

April 

May . 

Total 

June . 

July . 

Autroat . 

Total  . 

September 
i  Ictohcr 
NnTemU'r 

Total 

Yearly  total 


Month 


1  >» . . 

January 
February 
March  . 

April  . 

Ma> 

Total  . 

June . 

July . 

Au*u*t . 

Total  . 

September 

October . 

November 

Total... 

Yearly  total 


s~- — record  of  jirecipitation  at  Pen  Van  far  the  miter  years  JSJ.*  to 

ISO inclusive. 


1829. 

Wti. 

1*31. 

1*32. 

1833 

18114. 

1835. 

Kin 

1837 

1838. 

18311. 

1840. 

1841. 

1842. 

oil.  77 

l.MI 

1.86 

1.06 

2.116 

1.76 

1  115 

0.68 

0  74 

1.74 

0.65 

1.99 

2.  in 

1  4.1 

2. 13 

1  in 

1  10 

2  in 

II  Ml 

n  :«i 

II  86 

3  12 

1.82 

0.78 

2.28 

1.46 

2 

0  71 

1  HI 

o 

1  Ml 

1.IH 

1  37 

II  48 

087 

1  62 

•1 

1.  12 

2.11 

1.52 

0.62 

1  41 

2.  41 

2.  13 

2  26 

2  111 

II  8.8 

1.28 

1  25 

1  on 

11.90 

1  43 

0.71 

3.76 

1.82 

3  53 

:t  14 

3  2-> 

1  07 

3  2i» 

2.  ICI 

l  U 

3  17 

1  H7 

1.52 

2  11 

2.  HI 

3.58 

3.  Ill 

3  12 

2.00 

3  .Vi 

t  11 

5  25 

3.  Ill 

1  :tn 

5  nn 

3.84 

ll  33 

3. 211 

3.00 

2. 211 

1.67 

1 1  .1 

12.  74 

11.  in 

II  '.«> 

12  45 

8  43 

8. 09 

14  14 

11.34 

13  51 

11.20 

15.31 

12. 05 

11.87 

3.41 

4  (in 

3  an 

4  HI 

2  21 

3.74 

1  Mi 

3  42 

2  96 

5  41 

5  26 

3  20 

3  35 

2  47 

3  -11 

3  42 

5  in 

2  fn 

3  Ml 

2  nn 

2  77 

II  111 

1  2H 

4  18 

4  86 

3. 83 

2  7n 

2  2»l 

:i  M 

2.  21 

3  m 

2  in 

2.82 

1.31 

4  61 

2  mi 

3  411 

2  It’ 

3.07 

1.51 

1.18 

3.  81) 

in  15 

in  23 

12  3o 

9.H7 

8.811 

7.74 

12.  24 

6. 72 

7. 65 

12. 51 

13.  Ill 

8.00 

7.32 

8.62 

4  4s 

2  till 

2  go 

3. 46 

2  16 

2.011 

1  7' 

3  3H 

0.82 

1  82 

2  04 

2  07 

5  72 

2.  :is 

12* 

2  04 

3.  in 

1. 112 

8.33 

2  18 

2. 32 

2.  n7 

2  18 

1  17 

2  05 

n  i  \s 

2  i»2 

2  t»4 

3  1)1 

2  30 

2  17 

1.07 

1  M 

1  nn 

1.22 

l.tw 

2.50 

1  70 

1  40 

1.71 

2. 70 

8  '.*• 

7  m 

7  24 

8  73 

4.85 

6.  ICI 

6  ICI 

4  57 

0.50 

5  57 

.V 52 

5.  3| 

10  44 

il 

li  111 

li  70 

.li  7n 

31  in 

21  HI 

.11  8.8 

27  TV 

21  56 

32752 

n  no 

34  1  ; 

.'4.71 

81  IO 

M  V. 
U  77 


DEEP  WATERWAYS.  749 

Table  No.  87. — Record  of  precipitation  at  Pen  Yan  for  the  water  years  1829  to 

1867 ,  inclusive — Continued. 


Month. 

1856. 

1857. 

ia58. 

1859. 

1860. 

1861. 

1862. 

1863. 

18(14. 

18(55. 

18(5(5. 

1867. 

Mean 

December  ... 

1.52 

1.92 

2.12 

1.67 

3.19 

0.  79 

0. 87 

1.74 

1.73 

1.63 

1.19 

1.03 

January  .  . 

1 . 79 

0.  79 

0. 67 

0.87 

0. 58 

0.81 

2.58 

2. 85 

1.45 

1.35 

0.52 

1.01 

February  _ 

0.45 

1.07 

0. 91 

0. 91 

0. 52 

2. 26 

1.66 

3.02 

0. 69 

2. 39 

1. 55 

0.73 

March . 

1.50 

1.09 

(1.97 

p! 

1 . 56 

1.48 

4.15 

1.45 

2.30 

*>  1*> 

2.08 

1.47 

April . 

1.86 

4.79 

2. 60 

4. 50 

1.47 

3. 63 

1.32 

0. 90 

2.37 

2.24 

1.52 

3.79 

May . 

1.78 

3.37 

3.66 

1.25 

1.62 

3.02 

1.68 

3.48 

5.20 

3.  75 

2.17 

8.23 

Total... 

8.90 

13.03 

10.93 

11.43 

8.94 

11.99 

12.26 

13.44 

13.  74 

13.48 

9.03 

16. 26 

. 

June _ 

3. 10 

11.03 

2.81 

3.06 

2.01 

0.73 

3.92 

5. 10 

1.41 

3.  63 

4.42 

a2.05 

July . 

3. 25 

2.81 

3. 73 

2. 91 

3.83 

5.29 

4. 98 

10. 23 

1.88 

2.64 

1.30 

0. 49 

August . 

1.03 

4.87 

2. 97 

3.95 

3.88 

4.00 

1.35 

4.30 

7  22 

1.84 

3.38 

1.34 

Total... 

7.38 

18.  71 

9.51 

9.92 

9.72 

10.02 

10.25 

19. 63 

10.51 

8.11 

9.10 

3. 88 

. 

September... 

2.17 

1.63 

2.81 

3.39 

3. 04 

6. 05 

1.33 

1713" 

2. 05 

5.93 

4. 56 

1.54 

October _ 

1.10 

6. 56 

1.49 

1.52 

3.30 

3. 56 

4. 37 

2.08 

3.  73 

2.  98 

1.64 

1.97 

November ... 

1.71 

4.23 

2. 49 

1.37 

3.02 

1.04 

2.38 

4.05 

2.04 

1.71 

2.68 

o0.33 

Total... 

4.98 

12.42 

6.79 

6.28 

9.36 

10. 65 

8. 08 

7.26 

7.82 

10. 62 

8.88 

3. 84 

Yearly  total . 

21. 26 

44.16 

27  23 

27. 63 

28.02 

32. 66 

3059” 

40. 33 

32.07 

32  A  f 

27.01 

23.98 

^L93 

a  Geneva  record. 


Table  No.  88. — Record  of  precipitation  at  Perry  City  for  the  water  years  1889  to 

1898,  inclusive . 


Month. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

December  . . . 

a  3. 94 

3. 08 

4.02 

4.48 

0. 78 

1.87 

3. 06 

3.08 

1. 40 

2.86 

January  . . 

4.  65 

3.24 

3. 34 

4. 56 

2.25 

3. 13 

2.82 

1.68 

1.81 

2.47 

February  . 

2. 03 

2. 35 

4.23 

1.54 

1.80 

2.54 

1.40 

3. 58 

1.33 

1.68 

March  _ _ _ 

1.93 

4.05 

3.45 

3.  95 

2.43 

0.99 

2.06 

3.70 

2. 66 

1.85 

April  . . 

2.55 

3.  71 

2. 16 

1.65 

3. 58 

6.10 

1.37 

1.58 

2.56 

3.64 

May . . . 

3.34 

6.95 

0.  74 

6.08 

5.37 

6. 55 

2.49 

3. 81 

3.69 

3.36 

Total. . . 

18.44 

23.38 

17.94 

22.26 

16.21 

21.18 

13. 20 

17.43 

13.45 

15.86 

— 

June . 

6. 49 

4.55 

4.13 

2. 13 

4.05 

3. 54 

3. 67 

4.18 

3.47 

July _ _ 

7.07 

3.54 

6. 86 

4.99 

2.86 

2.72 

4. 18 

3. 55 

1.83 

August . 

3.04 

6. 97 

3.90 

4. 12 

5.21 

1.38 

4.67 

2.54 

2.30 

4.68 

. 

Total . . 

16.60 

13.19 

11.57 

17. 63 

it 

9? 

CO 

8.29 

10.93 

10.39 

10.03 

9. 97 

. 

September . 

3.54 

6.98 

0. 98 

0. 84 

4. 12 

5.  4(1 

2.00 

3. 97 

2.58 

2.13 

October . . . 

3. 84 

6.02 

5.46 

1.64 

2. 74 

4.33 

0. 91 

4.07 

0. 86 

November... . 

5.30 

2.56 

2. 19 

4.63 

0.91 

2. 10 

4. 16 

2.44 

3. 74 

3.90 

Total .  . 

12.68 

15. 56 

8.63 

7.11 

7.77 

11.89 

7.07 

10. 48 

7. 18 

12.28 

Yearly  total ... 

47.72 

52. 13 

38.14 

47.  no 

36.31 

41.36 

31.20 

38. 30 

30. 66 

38.11 

40. 09 

a  Auburn  recoru. 
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Tabi.k  N<>.  so.  —  Recorti  of  precipitation  at  Phoenix  for  the  iratrr  years  lS'JS  to 

1898,  inclnsit'e. 


Month. 

1802. 

1.893. 

1M*4. 

1805. 

lmw. 

1897. 

181*8 

Mean. 

DflOfitnlN^r 

4  mi 

3.30 

3  41* 

4  41* 

0.  Mi 

3  25 

January . 

2  40 

2  31 

3. 37 

1  52 

3.  Ml 

4 .50 

February  . 

3  75 

2  :s 

3.  4'.* 

5  23 

1.25 

1.  Ml 

March . 

|  Ml 

1  HI* 

1  HI 

6.26 

4.52 

1 .  Ml 

April . 

3  71* 

1  71 

1.77 

II  Ml 

2  .30 

3.1*1 

May  . . 

5  :> 

4  50 

•  » 

2  51* 

2  51* 

4  14 

Total . 

21. 11 

1*1  la 

15.  V> 

2n  li* 

15.44 

18  41 

Juno . 

5  82 

3  Ml 

5.22 

2  HI 

1  .*>4 

3  28 

2.51 

July . 

7.1*1* 

2  13 

2  51* 

2  35 

8.  SB 

2  nn 

August . 

4  a» 

4  Ml 

1.87 

2  *17 

3  27 

2  53 

5. 2n 

Total . 

15.  75 

0.22 

7  27 

7. 1H 

14  37 

111  4*1 

September . 

1  54 

2  32 

4  47 

V  15 

1  4li 

4.20 

Oc'tolnr  . 

3  33 

1*12 

3  02 

1  11 

2  4*1 

II  HO 

4  54 

November  . 

3  88 

1  Ml 

3  1*1 

3  Ml 

4  27 

11  211 

3  80 

Total . 

8  75 

5  77 

“■*’ 

7.  as 

11  88 

8  B5 

12  54 

. 

Yearly  total . . 

42  Ml 

37  7i» 

;U  m 

4U  in 

**»| 

41  41 

38.3a 

TaBLK  N<>.  1H >.  —  Recant  of  precipitation  at  /Scrpont  Manor  for  the  water  years 

184!*  to  1871.  inelusii'e. 


Month. 

1*4W 

1850 

1851. 

1862. 

1H8 B. 

1854. 

18V, 

1HM. 

1857. 

1«6H. 

18541. 

i860. 

1  )eoember . 

0  1*8 

3.  Ml 

3  78 

2  MI 

3  46 

2  41 

II  89 

3  77 

3  27 

4.42 

1  Ml 

1  49 

2  H6 

4  H5 

January  . 

February  . 

1.56 

1  tm 

1  26 
2.  Hi 

1  SB 
LSI 

1  ill 

1  37 

3  70 

1  67 

I  59 

II  '1 

0  IS 

4  12 

i  so 

1  m 

i  48 

1  :cs 

April 

2  nft 

1  ifi 
2.  IS 

2  33 

3  87 

3  SI 

1  28 
1.49 

•  »  •*»> 

4  79 

1  55 

2  04 

3  82 

3  49 
2.  37 

1.75 

1.07 

May . 

3.82 

2  71* 

3.89 

i  14 

Total . 

• ••••• 

12. 53 

13  1*5 

12. 13 

14.17 

15  85 

III  29 

13  41 

16.  .58 

15  1*4 

15. 1.5 

12  47 

June  . 

1  Ml 

•  i' 

2 

1.81 
l  31 

3  IT 

1  Ml 

. 

2  2*i 

3  m 

2  49 

i  20 

2  47 

July 

1  73 

7.7(1 

5. 11 

2  73 

4  48 

2  41 

1  11 

3  92 

2  31 

4  00 

August . 

2  50 

1  MI 

1.92 

1  Ml 

2  44 

1  01 

2  76 

2.  78 

4.07 

3  01 

5  39 

3  57 

Total . 

. 

10. 54* 

l*  M 

7.10 

5.58 

5  63 

II  50 

7  :ti 

9  11 

9  84 

11.00 

10.07 

3eptemlter 

3. 2*1 

4.42 

2  98 

4  IN) 

1  IS 

2  75 

4  0) 

3  60 

3  IS 

3  65 

4  30 

6  Ml 

( *c*ober  . 

6.22 

ll  Ml 

3.  :*• 

3  IS 

3  22 

2.  Ml 

4  58 

2  56 

5  42 

3  Ml 

2  48 

3  94 

Novemlier . 

2  44 

3  85 

3.86 

3.93 

3  64 

1.88 

2  21 

2.  tO 

6.25 

2  78 

3.  70 

4  MI 

Total . 

II  1*2 

15  17 

10.02 

11.61 

7.84 

7.41 

11.  19 

8. 10 

14  35 

in.  12 

10.48 

14  77 

Yearly  total 

:B  48 

:*i  93 

27  57 

SI  89 

32  IS 

38.00 

. 

35  Ml 

37  53 

37  31 

Month. 

1MII 

1MS2. 

lMEI. 

1M14. 

1865 

1M10 

1MI7. 

1868. 

1  Htfl). 

1870. 

1871. 

Mean 

2.  MI 

1  !*!i 

3.21 

3.08 

4  23 

2.  *15 

1  Mi 

1  37 

32* 

3.67 

4  14 

January .  . 

2  27 

2. ;« 

2 

2.46 

2  64 

2  24 

1  1*1 

4  ICS 

2  51 

4  111 

2  47 

February .  . .  . 

Mun‘h 

2.  47 

2  Mi 

2  92 

1  53 

0  58 

2  64 

3  111 

1.28 

3  69 

3  30 

1.88 

3.  Ml 

1  28 

2  2f» 

2  21 

3.31 

4  16 
3. 71 

2  70 

2  19 

1  «» 
4. Ml 

3  16 

1  84 

2  75 

2  45 

2  82 

1  07 

3  111 
2.  54 

April . 

3.  Ml 

2  15 

May  . 

3  117 

2  Mi 

3.  12 

5  92 

2.  Ml 

3  95 

7  in 

2  Ml 

3  M 

1  18 

1  119 

Total . 

18  :w 

14. 0B 

IB  32 

18  48 

17  92 

16  37 

as.0i 

14  87 

17.96 

16.14 

16.  12 

Junn  . 

1  90 

1.34 

3  25 

0  73 

4  81 

6  25 

1  63 

2  41 

4  75 

1.77 

1  !1i 

July . 

8  11 

8.81 

3  37 

0.  M) 

2  62 

1  79 

2  39 

1.64 

6.56 

4.51 

3.59 

Auguat . 

2.50 

1  35 

3  60 

5  14 

1.43 

6.  52 

2.24 

4  57 

3.  16 

2.39 

4  79 

. 

Total . . . 

12  51 

B.  30 

10  22 

B.  67 

8.86 

14  56 

6.26 

8.62 

14.47 

8.67 

10.37 

Septemlwr . 

4  07 

2  *18 

2.99 

2  74 

8.27 

6  01 

2  79 

3.64 

3. 95 

4  52 

1.78 

*  ictolier  .  .  . 

ti  20 

:i  2»i 

5  85 

4  29 

6  15 

3  66 

0.  Ml 

3  14 

ll  23 

3.  Ml 

2  18 

November . 

2  44 

1  88 

4  57 

5.78 

3.21 

7  30 

2.  14 

5.  *15 

3  62 

2.  74 

3.  IS 

. 

Total  . . 

12  71 

7.79 

13  41 

12  79  12  MI 

17.42 

5.  89 

12  43 

13.80 

10.26 

7.00 

Yearly  total. . 

43  111 

28.15 

39  95 

22 

39  41 

48. 36 

.34.55 

35  92 

01  23 

35  07 

33  49 

36  12 
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Table  No.  91. — Record  of  precipitation  at  Plattsburg  for  certain  water  years,  as 

indicated,  from  1843  to  1898,  inclusive. 


Month. 

Plattsburg  barracks. 

Plattsburg 

academy. 

1850. 

1851. 

1852. 

1853. 

1854. 

1855. 

1856. 

1843.  1  1844.  1845. 

1846. 

1847. 

1848. 

1849. 

December . . . 

January _ 

February  ... 

March . 

April . 

May . 

Total  . 

June . 

July . 

August . 

Total  .. 

September 

October  . 

November  .. 

Total  .. 

Yearly  total. 

a  1.09 
1.26 
1.49 
2.88 
1.48 
4.88 

0.74 
0. 84 
0.54 
2.44 
2. 61 
5.40 

1.52 
2.84 
2. 67 
2.09 
2. 02 
1.83 

1.20 

1.13 

0.74 

1.36 

0.62 

2.91 

al  30 
4.10 
3.56 
7.12 
4.09 
0. 70 

2.04 
2.75 
3.69 
3.08 
1.58 
2.  44 

2. 67 
2.30 
2. 59 
3.69 
2.  76 
3.92 

3. 17 
1.10 
0.98 
0.28 
3.78 
7. 13 

7.25 
2. 19 
1.99 
2.03 
1.61 
3.61 

1.84 
0.90 
1.33 
2. 02 
3.92 
62.61 

2.42 
1.00 
2.89 

3.43 
2.68 
4.42 

0.88 

5.84 

1.98 

3.06 

2.28 

1.46 

2  i 

3.  32 
1.23 
1.89 
4.41 
0.32 

3. 01 
1.25 
0.30 
1.49 
0.93 
3.30 

13.65 

12. 57 

12.97 

7.96 

20. 87 

15.58 

17.93 

16. 44 

18.68 

12. 62 

16.84 

15. 50 

13. 29 

10.28 

5.48 
5. 09 
5.22 

4.41 
4.78 
6. 46 

2. 15 
2.09 

1.31 

3.11 

7.19 
3.  75 
2.  76 

2. 39 
2.  89 
2.07 

1.64 
0.  95 
3.60 

2.58 

4.12 

1.38 

5.35 

3.09 

3.22 

3.49 

2.44 

2.55 

1.33 
2.42 
3. 10 

2. 96 
0.96 
0. 39 

6. 80 
6.  79 
3.13 

2.62 

1.58 

2.06 

15.  79 

15. 65 

5.55 

. 

13.70 

7.-35 

6. 19 

8.08 

11.66 

8.48 

6.85 

4.31 

16.72 

6. 26 

4.47 

4.88 

3.08 

3.  .35 
4.53 
2.40 

3.66 

2.26 

3.49 

6.25 

3.57 

2.13 

1.21 

4.52 

2.71 

2.46 

5.49 

2.45 

4. 56 
7.64 
3.10 

3.36 

4.61 

3.30 

1.51 

2.75 

2.25 

7. 61 
2. 47 
2.02 

3.82 
3.06 
3  04 

3. 57 
6.42 

2.57 

3.18 

61.31 

1.95 

12.43 

10.28 

9.41 

11. 95 

8.44 

10.40 

15.30 

11.27 

6.51 

12. 10 

9.92 

12. 56 

6.44 

41.87 

38. 50 

27. 93 

. 

46.52 

31.37 

34.52 

39.82 

lL61 

27.61 

35.79 

29.73 

12J57 

22. 98 

Month. 

1857. 

1858. 

185!). 

1860. 

1890. 

1891. 

1892. 

1893.  1894. 

I 

' 

1895. 

1896. 

1897. 

1898. 

Mean 

December  ... 

January . 

February  ... 

March _ 

April . 

May . 

Total .. 

June. . . 

July . 

August . 

Total . . 

September 

October  . 

November  .. 

Total  .. 

Yearly  total. 

0.79 
1.78 
0.98 
1.70 
5. 60 
4.97 

1.72 
2.56 
1.60 
1. 66 
2.30 
2.96 

3.17 
1.69 
0. 90 
1.49 
0.  89 
1.07 

2.65 

0.54 

1.18 

1.18 

cl.  48 
2. 78 
2.40 
2.68 
1.46 
4.  40 

2.45 
2.30 
1.60 
2  65 
2. 28 
1.97 

2.58 
4.30 
2. 47 
1.36 
0.97 
4.07 

1.44 
0.89 
1.54 
0.68 
2.11 
3. 26 

3.92 

2.04 

1.37 

1.91 

1.14 

4.14 

2.55 
2.07 
0.70 
0. 74 
2.79 
1.97 

2.40 
2.05 
6.21 
/4. 75 
0.85 
1.85 

0. 87 
2.98 
1.43 
2.26 
2.67 
3.41 

1.96 
d  6. 03 
e  5. 30 
1.29 
1.95 
e3. 83 

. 

. 

15.52 

12.80 

9.21 

. 

15.20 

13. 25 

15.75 

9.92 

14.52 

10.82 

18.11 

13.62 

20.36 

5. 74 
8.26 
4. 10 

2. 16 
5.25 
2.1X1 

1.37 

1.10 

2.34 

. 

3.  .35 
4.04 
5.82 

1.49 
3.  77 
3.55 

7.62 
5.21 
7. 18 

2M2 
3.34 
5. 76 

J52 
2. 52 
0.89 

"1185 

2.15 

4.50 

2. 80 
5.  (X) 
5. 95 

3.90 
7. 19 
3.93 

e  3. 32 
e  2. 56 
5.82 

. 

18.10 

9.41 

4.81 

. 

13. 21 

8.81 

20.01 

11.52 

6.93 

10. 50 

13.75 

15.02 

11.70 

2.02 

8.26 

1.95 

2. 70 
2.84 
1.36 

4. 55 
0.69 
3.52 

. 

2. 87 
2.92 
2.27 

0. 93 
2. 07 
1.67 

1.68 
1.12 
2. 74 

~iL12 
0. 85 
1.28 

2. 79 
3.03 
2. 82 

2.85 
0.45 
5. 13 

2.85 
1.68 
2. 19 

1.90 
0. 52 
3. 58 

3.37 
3. 70 
3.08 

. 

12.23 

6.90 

8.76 

8.06 

4. 67 

5.54 

4.25 

8.64 

8.43 

6.72 

6.00 

10.15 

45.85 

29. 11 

22.78 

36. 47 

26.73 

41.30 

25.69 

30.09 

29.75 

38.58 

34.  6  4 

42. 21 

34. 56 

a  Potsdam  record . 
b  Lowville  record. 


c  Burlington  ( Yt. )  record. 
d  Approximate. 


e  Champlain  Valley. 
/Malone  record. 


I  >  K  K 1 »  WATKRWAVS 


7  r>2 


Taw  i  X<  >.  1)2. — litcnnl  of  />n  ri /litatioii  at  Pamjn\i/fi  >r  ct  rtaia  mitrr  y<  am,  as  imli- 

I'atnl ,  from  1S27  to  is.r,s ,  inclusii'e. 


Month. 

1*27. 

1*2*. 

1*28. 

1*30. 

1*31. 

IKK. 

1*33. 

1K44. 

1K15. 

Ikw;. 

1K17. 

i*;i*. 

1*38. 

1*40. 

Deceilllicr 

«l  1  .INI 

2.110 

0.07 

1.** 

1.87 

0.  25 

1  iVJ 

0.70 

2.  :*i 

0. 87 

0. 23 

2  111 

0.65 

1  UN 

January  _ 

t  7.5 

1  42 

II.  Ml 

0. 40 

(I  :m 

0  48 

2.04 

•1. 86 

0.  78 

ll.  75 

2.  IK 

1  20 

February 

2  til' 

1  li* 

0. 55 

2  HI 

0  1* 

3  05 

125 

1.03 

ll  ii4 

0. 45 

2  id 

Marrh . 

1  :t5 

1  .111 

ll  111 

ll  04 

II  .06 

n  1* 

lj  1C) 

n  74 

0  111 

M  31) 

1  27 

1  4(1 

April . 

2  20 

2  1* 

2  2ll 

1  70 

1  21 

1  24 

2  Mi 

0  Mi 

II.  81 

o  57 

1.63 

2. 53 

May  . 

1.74 

•J  hi 

1  *5 

3.  *7 

1  Mi 

5.2* 

2  47 

4  23 

1  Ml 

2.  4li 

3.  on 

3.  Ill 

Total .. 

14.  till 

11.25 

5  U3 

|  *.  78 

6  77 

|  8.08 

14.  *7 

14.88 

5.  .17 

It  ** 

8.** 

12.07 

June . 

:i  72 

3  W» 

5  1C* 

5  "ill 

0  87 

2  Ml 

5  Mi 

2*2 

5  52 

I'.  *i!l 

6.27 

i  -l 

•Inly  .  ...... 

4  31 

Kill 

4  15 

2  81 

3  Mi 

0  .54 

2  7:1 

II.  Ml 

5.  Ml 

3  :k 

3.00 

4  Ml 

AUffUnt . 

4.  in 

5.  :m 

2  4* 

1*4 

ll  45 

g.  \r> 

3.71 

1.4* 

3.  78 

2. 75 

2.84 

2  71 

Total .. 

12  4ti 

17. 85  (11.115 

10.25 

11  IK 

15  12 

12.  411 

5  111 

15  11 

12.  7il 

11. (RI 

12.36 

Hcpteuilier 

:i  12 

3  Mi 

4  if 

3.  *5 

2  HO 

il  28 

•» 

1  24 

2  4ii 

1  88 

3.0* 

2  23 

<  lct<il>er 

4  82 

1.57 

it  12 

2  :C2 

2  37 

3  21 

3  2*1 

2  27 

4  28 

2  .52 

1  to 

il  22 

November 

3.31 

1  54 

o  70 

4  7il 

3  08 

ll  441 

1*2 

o.  *7 

1.17 

(1. 117 

0. 88 

2.11 

Total  .. 

11. :» 

|  6.  Ml 

*  14  (ill.  UR 

*  15 

|  11  05 

7  it! 

4.3* 

7.88 

6. 1* 

6. 13 

7.56 

Yearly  total 

:w.ftt 

.Will 

25.42 

120  07 

25  m  31.13 

. 

:n  no 

24.22 

2*.:i7 

24.  te 

26. 01 

.  « 

Month. 

1*41. 

1H42. 

1*43. 

1*44. 

1*50. 

1861. 

1*52. 

lKrhl  1\'4. 

1*56. 

1858. 

1*57. 

1*5*. 

Mean 

Dooeml>«<r 

1  Ml 

1  Mi 

o  71 

0.68 

63. 15 

4.22 

4  33 

1  IK 

1.47 

4.;i» 

1.2* 

3  ill 

January 

1  H4 

1  45 

it  32 

2  Ml 

0  U6 

2  05 

o  57 

1  Ml 

1  04 

o  4.5 

2  24 

February 

o  :ti 

1  71 

1  3* 

1  8* 

6  21 

1  :k 

2  04 

2  1* 

2  05 

2.  IK 

March 

2  56 

2  44 

1.80 

1  17 

1  42 

2  7* 

2  13 

2  *2 

2  75 

o  08 

118 

April 

2  nl 

(i  Mi 

1  37 

3  41 

3  111 

5.  ihl 

4  «1 

/«5  *4 

3  14 

2  Ml 

Hi) 

l  in 

3  til 

2  53 

A  4^ 

3  44 

3  ll* 

4.81 

1.1*1 

3  116 

-  4ii 

Total 

m  :bi 

11  nr> 

10  81 

* . 

17  Til  1*.  40 

20.42 

1  .  .1 

15  51 

17.  Kt 

. 

. 

* • •••• 

June  _  . 

3.  Hi 

4  41 

6.37 

6  4H 

3  54 

4  52 

2  1* 

■ 

.5  10 

1  TO 

July 

3  IK 

3  14 

1  ."Mi 

ll  Ml 

4  Mi 

<2  ** 

2  28 

1.58 

2  52 

AlIKtl-t 

2  2it 

4  70 

3.04 

2  57 

4  .  Ml 

2  72 

it  50 

1.34 

</2.  Ml 

Total .. 

*37 

12.  25  | 

8  87 

14  Ml 

13.12  10.12 

in  87 

7  22 

10.  42 

September 

2  nl 

4  411 

6  71 

6.01 

2  iW 

1  71 

4  ii 

4  li.* 

dS.  tl7 

(  (etoln-r 

2  IK 

1  !»7 

4  4* 

7  4li 

2  53 

5  2* 

3  84 

1  Ml 

2.  47 

*  IK 

Novetnl«r 

1  Ml 

(1  Mi 

0  4ii 

4  4(1 

3  78 

5  44 

3.54 

2  55 

1.2* 

3  40 

Total  .. 

tt.  K! 

7  42 

10 .115  | 

111.  *7 

*  Ml 

12  43 

11. *0 

H  i  « 

Yearly  total.  25.68 

»i.72  31.  53 

. 

48.  48 

40. 1* 

42  87 

I*.  11 

11.60  34  .117 

. 

:k  ■  7 

ii<  luundaga  record. 
6Cuenom  record. 


■  Syracuse  riHtml 
d  Cortland  . . ird, 
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Table  No.  93. — Record  of  precipitation  at  Port  Ontario  for  certain  water  years , 
as  indicated,  from  IS 44  to  1874,  inclusive. 


Month. 

1844. 

1845. 

1846. 

1849. 

1850. 

1851. 

1852. 

1853. 

1854. 

December . 

a  2. 08 

3.  71 

53.62 

3.88 

2.09 

2.90 

4.41 

4.09 

January  . 

1.43 

3.01 

2. 30 

1.16 

1.68 

2. 61 

2. 76 

1. 17 

February . 

0.19 

2. 68 

2.93 

1.15 

1.08 

2.31 

2.14 

4.12 

March . . . 

1.54 

0.85 

1.55 

2.62 

0. 37 

3.97 

3. 66 

0. 89 

April . . . 

1.40 

2. 48 

1.29 

1. 65 

3.39 

1.91 

0.68 

3. 04 

May . 

3.74 

2.39 

1.82 

3.00 

3.04 

1.31 

0.86 

2. 01 

Total . . 

10.38 

15.12 

13.51 

13.46 

11.65 

15. 01 

14.51 

15.32 

June . . 

8.32 

4.73 

1.38 

2. 1 13 

4. 06 

0.72 

July . . . 

1.42 

1.58 

0.69 

6.09 

2.37 

1. 18 

August  . . 

6.50 

a  0. 38 

1.61 

1.25 

1.32 

0.53 

Total . 

16.12 

6.69 

3.96 

9.37 

6.24 

5.77 

September . . 

0. 54 

3.63 

2.26 

2.40 

1.74 

3. 31 

October . . 

4.89 

5.60 

6.30 

5.59 

2. 48 

4.80 

0  82 

November . 

1.02 

2.65 

2. 77 

4.81 

4.97 

4.47 

1.09 

Total . 

6.45 

11.88 

11.33 

12.80 

9. 19 

12.58 

Yearly  total ... 

32. 95 

33.69 

28.75 

33.82 

30.44 

32.86 

Month. 

1855. 

1856. 

1870. 

1871. 

1872. 

1873. 

1874. 

Mean. 

December _ 

1.69 

1.47 

c4. 13 

3.45 

3.69 

2.49 

3. 12 

January _ 

1.90 

4.95 

3.88 

2.46 

3.04 

1.72 

5.32 

February  . . . 

1.82 

2.90 

3.72 

2.21 

2  12 

2. 16 

1.72 

March  . - . 

1.20 

1.50 

3.96 

2.87 

i.a5 

5. 65 

1. 55 

April . . . 

0.  70 

(1.97 

1.60 

2. 67 

1.14 

2.38 

1.96 

May . 

0.72 

2.95 

0.68 

0. 82 

2.27 

1.63 

2.45 

Total . . 

8.03 

14.74 

17.97 

14.48 

13. 61 

16.03 

16. 12 

3.60 

1.70 

2.16 

2.0(1 

3A2~ 

0.95 

3.28 

5.20 

2.16 

4.34 

2.38 

1.75 

1.95 

5. 42 

August . 

1.65 

1.41 

2.54 

5.83 

0.64 

1.56 

0.09 

Total . 

10.45 

5.27 

9.04 

10.21 

6.11 

4.46 

8.79 

2.02 

3.37 

4.23 

0.91 

2.20 

2.95 

2.28 

3.40 

2.59 

1.40 

4.92 

5. 42 

1.27 

2.25 

1.93 

2.  76 

1.97 

1.97 

dl.75 

Total _ 

7. 67 

8.75 

5.07 

9.09 

10.34 

5.30 

Yearly  total... 

26. 15 

35.76 

29.76 

28.81 

30.83 

30.21 

31.17 

a  Mean  of — 

c  Mean  of — 

Mexico . . 

. 2.10 

0.20 

Pierpont  Manor . 

. .  3.67 

Sacketts  Harbor . 

. 2.06 

0.57 

Oswego . . . . 

.  4.60 

2)4. 16 

0.77 

2)8.27 

2.08 

0.38 

4.13 

b  Mexico  record. 

d  Mean  of — 

Oswego . 

. .  1.89 

Sacketts  Harbor . 

. .  1.60 

2)3. 49 
1.75 

48 
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Taiii.k  No.  01. — Jiecoril  of  precipitation  at  1‘otsdam  for  certain  water  year*,  as 

indicated,  from  1  S.'S  to  1S!>. s,  inclusive. 


Month. 

1M2M. 

1*20. 

1830. 

1M31.  1 

1832. 

IKCt. 

1M34. 

1*35. 

1835. 

1837. 

183M. 

1830. 

December . 

o  2.00 

2.  46 

2.73 

2.  k:> 

1.30 

0.  M0 

0.52 

0.71 

0.  AM 

0.  Ml 

1.15 

0.73 

.Innuary . 

3.60 

O.A0 

0  *13 

0.  fll) 

O.liO 

1  26 

0  35 

1 

43 

o.:iit 

0.74 

2  *16 

2.  70 

February  . 

2.0ft 

1  MM 

0.03 

0.  ftft 

1.80 

o  70 

0  57 

1  .VI 

1.IB 

l  31 

0  30 

0.70 

o.61 

ll.ftft 

2  am 

2  1*1 

0.  AM 

0  Mil 

2  32 

0 

47 

0.  01 

2.80 

1  04 

1.20 

April . 

1  70 

«>  >»> 

0.20 

2.40 

1  2ft 

1.87 

2.  *10 

2.  .50 

0.  AM 

1.56 

1  31 

0.34 

May . 

3  44 

3.20 

•J 

3. 54 

2.31 

4  30 

3.22 

2.  SB 

3  53 

3  40 

3.  73 

2.  IS 

Total . 

14  10 

lo.  77  1 

8.87 

13.03 

7.85 

0.  M7 

0.  AM 

0  31 

II.  4* 

10.  70 

10.10 

7. 75 

June . 

2  63 

4  Ml 

ft  *M 

2  01 

1  62 

4  4M 

3  Ml 

•» 

4M 

3  31 

1  01 

4  PI 

3.  10 

July  . . 

A.  46 

3  01 

ft  .00 

3  04 

2.H7 

ft.  m7 

2  63 

4 

:»i 

3  2*1 

2  m7 

3  11 

4.  Ml 

AtuniKt . 

4.06 

1  3ft 

2.  ftft 

3.  IN 

1  :i4 

7  .  Mil 

1.40 

4  4* 

3  25 

3  13 

2.0*1 

2.20 

Total . 

12.  «B 

lo.  (n 

16.41 

0  1«3 

ft  .  73 

10  21 

7  74 

11.25 

0.  *2 

7.01 

0  57 

10.20 

September . 

4.  MO 

2  71 

3  52 

4  ftft 

2  74 

4  :t2 

2. 1ft 

2  34 

0.47 

3  411 

2.30 

3  IB 

October  . 

2  72 

2  <** 

2  AM 

3.  IN 

3. 52 

6  2* 

3  .‘Ml 

4 

70 

2.37 

2  *7 

3.  IS 

0*3 

November . 

2  AM 

1.7m 

8. 07 

1.20 

2.  *17 

0.87 

1  07 

2  20 

o  17 

3  30 

1.07 

0.  Ml 

Total . ... 

0.00 

ft.  AM 

10.07 

8. 00 

0.03 

10.47 

7  HO 

0. 24 

3.01 

0.113 

7.44 

|  4. *17 

Yearly  total. 

3M  12 

27.43 

34  33 

31.01 

22.(11  3B.66 

25.01 

20.  Ml 

10. 31 

r* 

27.20 

22  U2 

Mean 

Month. 

WO. 

1M41. 

1*42. 

1*43. 

1*44. 

1*46. 

1*45. 

1*47. 

1848. 

1*40. 

of  20 

year*. 

December . 

1  • 

2  72 

0.  4ft 

1  00 

i-i 

1.80 

0.60 

1. 

30 

ft3  12 

2.7*1 

January  . 

1  It* 

0.  01 

1  00 

2.71 

3,0ft 

2.34 

1  1*1 

0.55 

. ..... 

February  . . .  .. 

1  :t* 

0  20 

1.6o 

1  15 

ii  83 

2  mo 

o  6ft 

0  2M 

March . 

2  31 

0  04 

2  <<> 

3  :c* 

1.77 

INI 

0.82 

0  42 

April  . 

3  01 

1  *M 

1  86 

2  47 

1  i* 

3  10 

0  55 

0.30 

jI  J  ••>•••  ••••••  •••••• 

2.70 

3  35 

2. 15 

1.08 

3. 37 

3.50 

3.51 

1.77 

. 

Total . 

12  41 

10  HI* 

8.06 

13  27 

|  11.01 

15  .62 

7.20 

. 

0. 53 

. 

Juno . 

3.  10 

3  21 

3.07 

5  id 

1  -ft 

4  12 

1.08 

• 

.  6m 

July 

4  is 

1  10 

4  02 

3.  *3 

3  10 

2  4M 

2  : 

1 

AlltfUat . 

3. 1H 

l  34 

2.  IS 

1.43 

7. 06 

o  31 

1.42 

•1 

.51 

Total  . 

10  V> 

A.  *17 

10.07 

10  20  12H1 

ft  01 

•1  11 

12  lift 

September . 

2  06 

3.  M2 

3  (17 

1.75 

0  Oft 

4  *4 

ft.  13 

3  2*1 

( >ctolier . 

3. 32 

1  44 

3  33 

ft  11 

4.55 

2.7*1 

4  *16 

3  .  MO 

November . 

1.  02 

2.01 

1  87 

2  no 

2  15 

2  20 

2.12 

0.  5*1 

. 

Total . 

7  KM 

7  27 

M.  27 

10.  4ft 

7  7ft 

0  MO 

11  INI 

*12 

Yearly  total ... 

;»»  na 

23.(0 

27  30 

34  as 

31.  HM 

:«.*  21 

25. 30 

.... 

... 

2ft  Nl 

• ••• • | 

28.77 

«i  Lowvlllo  record.  Mean  »f- 

Oouverneur .  11.24 

Lowville . . .  3.ol 


«i  Lowvlllo  record.  l>  Mean  of— 

Oouverneur .  3.24 

Lowville . . .  3.01 


2)«25 

3.12 
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Table  No.  94. — Record  of  precipitation  at  Potsdam  for  certain  water  years,  as 
indicated,  from  182S  to  1S9S,  inclusive — Continued. 


Month. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean 
of  9 
years. 

Mean 
of  29 
years. 

December _ 

a2. 68 

2.00 

2.28 

1.26 

4.89 

2.  69 

0.83 

3.26 

January . . 

3.42 

2.75 

3.18 

b  2.84 

1.07 

2. 16 

4. 50 

1.80 

2.70 

February  . 

March . 

4.66 

6.42 

3.62 

2. 96 

2.99 

1.70 

2. 40 

4. 66 

2.  80 

1.48 

4.40 

3.78 

3. 22 

1.72 

1.88 

3.81 

2. 10 

April . 

4.18 

1.88 

3. 13 

1.02 

3. 07 

0. 67 

1.17 

1.37 

2. 18 

May  ....... _ 

3.36 

5.08 

0.79 

5. 01 

5.38 

3.49 

2.60 

1.46 

3.30 

Total . 

19.78 

24.28 

16.50 

17.33 

14.52 

14. 63 

15.10 

15.  79 

14.51 

June . 

7.35 

4.27 

2. 01 

56.93 

5. 00 

3.66 

2. 59 

2.76 

2. 70 

Julv . . 

7. 87 

3.39 

5.68 

6  4.53 

2. 58 

53.40 

3.34 

3.13 

7.04 

August . 

4. 75 

4.33 

6.77 

6.93 

9.92 

50.95 

6.72 

3.31 

1  99 

. 

Total . 

19.97 

11.99 

14.46 

18.39 

17. 50 

8.01 

12. 65 

9.20 

11  73  1 

September . 

October  . 

3.05 

4  42 

4.41 
2. 33 

1.43 
2. 67 
2. 92 

3.11 

1.78 

4.07 

'  3.00 

1  02 

3.34 
3. 67 
1.78 

1.68~ 

0.73 

1.67 

~5TTo~ 

1.14 

2.02 

1.31 
o  55 

. 

. 

. 

November . 

4.10 

3. 76 

2. 05 

4.19 

Total . 

11.57 

10. 50 

7.02 

8.96 

6.07 

8.79 

4.08 

8.26 

Yearly  total. 

51.32 

46.77 

37. 98 

44.68 

38.09 

31.43 

31.83 

33.25 

32.29 

38.63 

31.83 

a  Mean  of —  b  Mean  of — 

Utica . .  3.12  North  Hammond .  2.58  8.25  4.21  3.88  1.08 

Palermo . 2.25  DeKalb  Junction .  3.08  5.72  5.40  3.41  0.91 

-  Canton .  2.87  6.81  3.98  2.92  0.85 

2)5.37  - - - - - 

2^08  3)8.53  20.78  13.59  10.21  2.84 

2.84  6.93  4.53  3.40  0.95 


Table  No.  95. — Record  of  precipitation  at  Poughkeepsie  for  certain  water  years, 
as  indicated,  from  1830  to  1898,  inclusive. 


Month. 

1830. 

1831. 

1832. 

1833. 

1834. 

1835. 

1836. 

1837. 

1841. 

1842. 

1843. 

1844. 

1845. 

1846. 

December . . . 

a2. 00 

5.85 

1.27 

3.46 

2.04 

a3. 56 

2.78 

4.50 

«2. 92 

2.51 

2.60 

0. 95 

3.86 

2.65 

2. 46 

2.50 

4.88 

2.62 

3. 55 

6.14 

4.87 

1.37 

2. 13 

3. 93 

4.  45 

2.2C 

February  ... 

2.13 

3. 50 

3.22 

1.53 

1.28 

2. 62 

0.  75 

3. 00 

1.05 

1.15 

2.46 

1.41 

March . 

4.85 

3. 50 

4. 12 

2. 13 

... 

2.  74 

0.87 

1.73 

2.71 

3.08 

4. 23 

3. 54 

2.83 

April . 

2.07 

5. 85 

3.20 

1.75 

5.03 

2.28 

3.64 

4. 25 

2. 92 

1.05 

2. 58 

1.57 

May . 

5.32 

3.40 

3.27 

4.08 

1.66 

1.26 

1.47 

2.62 

1.37 

5. 05 

1.14 

5.16 

Total .. 

18.83 

24.60 

19.96 

15.57 

17.82 

15. 95 

. 

15.38 

16. 46 

13. 15 

16.36 

18.03 

15. 82 

4.24 

4  *>*> 

0.82 

4.62 

2. 91 

4.73 

3. 03 

3.98 

4.  78 

4. 55 

2. 10 

2. 16 

.Tnl  v 

3  81 

4  98 

3  26 

2. 89 

4.31 

0.94 

2.45 

8. 45 

2. 36 

4.20 

August  . 

1.50 

8.67 

8.26 

4.45 

1  47 

1.54 

4.15 

4.13 

8.25 

2.45 

2.76 

4.09 

Total .. 

11.59 

16.70 

14.06 

12.33 

7.27 

10.58 

8.12 

13. 71 

15. 48 

15. 45 

7.22 

10. 45 

September . . 

TiiT 

4.48 

3. 80 

2.52 

0. 89 

1.49 

1.47 

3.75 

4. 62 

2.45 

3.00 

0.20 

October  _ _ 

3.61 

6.08 

3.73 

8.64 

1.59 

2.  67 

2.07 

1.05 

8.20 

4.53 

2. 26 

2.  41 

November  .. 

7.00 

2. 45 

3. 65 

2. 88 

2.19 

2.07 

3. 02 

3. 05 

3.50 

1.51 

5.15 

6. 67 

Total .. 

12.07 

13.01 

11. 18 

14.04 

4.67 

6.23 

6. 56 

7.85 

16.32 

8.49 

10. 41 

9.28 

Yearly  total. 

42. 49 

54.31 

45.20 

41.94 

29.76 

32.76 

. 

30.06 

.38.02 

44.95 

40.30 

35. 66 

3o.  d5 
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Table  X<>.  95. — Record  of  precipitation  at  Poughkeepsie  for  certain  renter  years, 
os  indicated,  from  IS.io  to  JSftS,  inclusive — Continued. 


Month. 

1847. 

1148. 

18414. 

188ft 

1880. 

1891. 

181 12. 

18KL 

1804. 

1895. 

181*1. 

18H7. 

18118. 

Mean 

Deoemlier. . 

8.11 

6. 46 

o4.72 

1.91 

M  41 

4  on 

3.66 

1  21 

8.59 

4  12 

2. 112 

1.67 

4  57 

January  ... 

3  :«i 

0. 46 

2  63 

It.  65 

5  to 

2  115 

2  38 

3  Kl 

0.88 

1 . 62 

5. 27 

...... 

February 

a  .vi 

1  42 

:t  82 

4  45 

1  14 

11  78 

3  05 

0  Ml 

5. 98 

2. 66 

3  22 

Mnrrli . 

2  10 

2  71 

r»  :.i 

2  i'l 

2  h5 

3  12 

1  21 

1  71 

it  20 

3.  no 

2  43 

April . 

0  92 

0.  96 

1  57 

2  16 

(Mil 

2  UN 

1  32 

3  .54 

1  11 

1  :#> 

2. 96 

May . 

3  22 

(1  :ui 

4  80 

1.66 

6.05 

7.IH 

6  12 

i  B9 

2.  50 

3. 36 

4  74 

. 

Total.. 

in  IS 

HI  112 

21  83 

20.111 

23  :.» 

16  67 

15  65 

111.  59 

13  61 

23  19 

June  . 

:i  f.7 

1  24 

2  45 

2  14 

:t  05 

1.49 

1.71 

1  51 

2  71 

4.25 

1  53 

July . 

1  us 

1!  |9 

6  IH 

6  24 

i  19 

1  181 

2  Hi 

2  24 

8  88 

u  :t7 

3.20 

August . 

2. 85 

8  :ai 

6.71 

4  12 

e6  28 

4  11 

1.04 

3  411 

2.28 

2.81 

8.85 

Total .. 

7  14 

6  12 

18  24 

11.80 

13  52 

7. 26 

5. 56 

7  26 

8.32 

16.  43 

13. 68 

. 

September 

8  it 

(1  83 

4 

1  It 

1  37 

3  43 

4  52 

1.34 

5  70 

1  83 

2  21 

I  k-tolsT 

1  92 

6  58 

4  M 

1  Hi 

II.  Ml 

2  75 

5  i«i 

4  42 

2  66 

0. 13 

3  18 

Kovemtier  .. 

0.  h« 

8  83 

0.80 

2  11 

6.  w 

1.83 

2  Ml 

2  Ml 

1  45 

5  45 

4.78 

. 

Total .. 

6  14 

U.74 

•  ..... 

1.71 

5  05 

n 

8.01 

13  40 

8  62 

9.81 

7.41 

10.17 

. 

Yearly  total 

80.  13 

. 

81.48 

. 

45.  in 

*■* 

41.75 

38.77 

35. 63 

31.53 

37.  72 

37. 45 

46. 94 

38. 52 

a  Kingston  record.  SRondout  record.  c  Mean  of  Hudson  Valley. 


Tabi.k  N'>.  «.«». — Heron l  of  precipitation  at  Prattsburg  for  certain  renter  years,  as 

indicated,  from  JSS9  to  1846,  inclusive. 


Month. 

1829. 

1880.  1831. 

1889. 

1840. 

1841. 

1842. 

1843. 

1844. 

1845. 

Mean. 

Deoomber  ...... _ 

n  1.06 

1  27  3. 47 

M.  68 

2. 80 

3  85 

5.70 

3. 50 

1.35 

1.  <11 

January  . 

2  10 

3  m* 

2  lo 

2.60 

1.35 

1  10 

1  26 

2. 35 

February . 

1  05 

0  78  . 

I  68 

2  20 

1  10 

1  HO 

3  75 

1  17 

2.86 

Man  h  . 

1.42 

8.67  . 

1  55 

3  JO 

8. 05 

5  SO 

1  Vi 

1  in 

1.75 

April . 

1  39 

1  mi  ... 

2  in 

3  35 

4  10 

3  75 

3  25 

0. 95 

3.  ill 

May . 

2  74 

4  44  . 

4  90 

4.UI 

0. 95 

2  75 

1.30 

4  50 

2  75 

. 

Total . 

9.  75 

12.86  . 

14  90 

17  46 

15. 15 

20.85 

14.40 

lo.  z\ 

- 

13. 70 

. 

June . 

3  61 

7.60  . 

6.87 

4  80 

2.  .to 

3.  To 

1  70 

1.  40 

2  40 

July . . . 

8.  HI 

8.08  . 

3. 35 

3  85 

1.60 

3  111 

2  6.5 

8  12 

0.  1.5 

August . 

2  20 

2  57  . 

3.30 

3.24 

2.20 

3  50 

1.73 

2  25 

1  no 

Total . 

V  72 

13  25  . 

12  72 

11.89 

6  III 

io.  a» 

9.08 

11.77 

4.15 

September . 

1  k’tolier . 

2. 66 

2  SI 

0  14 

1.50 

2  .H 

6.00 

7.  Mi 

3. 10 

3. 50 

1.55 

1.70  . . 

0.76 

4  40 

1  78 

3.05 

4  30 

2.  60 

5.22 

November . 

2  :» 

3  .92  . 

1.90 

2  88 

2  45 

2  35 

2.60 

1.70 

1.66 

Total . 

6. 47 

7.86  ....... 

2  TV 

8.75 

6. 56 

11.  44) 

14.65 

7.40 

10.37 

. 

Yearly  total . 

26.94 

88.95  . 

30. 41 

38.00 

27. 71 

42  55 

38.  13 

29  40 

28.22 

32  71 

a  Auburn  record.  h  Canandaigua  record. 
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Table  No.  97. — Record  of  precipitation  at  Rochester  for  certain  water  years,  as 

indicated,  f  rom  1830  to  1898,  inclusive. 


Month. 

1830. 

1834. 

1835. 

1836. 

1837. 

1838. 

1839. 

1840. 

1841. 

OO 

& 

1843. 

1844. 

December . 

a  2.  IT 

a  3. 86 

0.53 

0.46 

1.58 

2.62 

1.06 

1 

18 

1.93 

2.53 

2. 80 

1.90 

January  . 

1.68 

0.11 

1  15 

2.40 

0. 16 

1.70 

2.  40 

1 

16 

2. 

13 

1.13 

2.79 

9  21 

February  . 

0.22 

0.  73 

0.81 

0.59 

2. 50 

1.70 

2.05 

1.37 

0. 

11 

2.12 

2.62 

0.37 

March . 

3.42 

0.78 

0.60 

0. 5o 

3.0(1 

1.24 

1.35 

1 

40 

'A.  55 

2.89 

2. 09 

1.14 

April . . 

1.32 

1.60 

4.  46 

1.70 

0.50 

2. 14 

2.48 

2 

Q»> 

3.27 

2.48 

0  2*? 

0.72 

May . . 

3.51 

0. 91 

0.79 

6.12 

2. 82 

4. 91 

4.90 

4.13 

1. 

17 

2.18 

1.83 

4.18 

Total . 

12.32 

7.99 

8.34 

11.82 

10. 56 

14.31 

14.24 

11 

46 

12.26 

13.33 

14.35 

10.52 

June . 

8.35 

1.61 

5.49 

2.77 

2.58 

1.33 

3.40 

2, 

63 

1.29 

3.66 

2. 93 

3. 19 

July . 

1.99 

1.45 

1.83 

2.74 

1.11 

3. 04 

4.20 

3.11 

4. 58 

3.69 

2.12 

3.30 

August  . 

1.91 

1.38 

3.57 

1.29 

3.72 

2.59 

3.56 

4.09 

1.  60 

1.42 

0.70 

1.74 

Total . 

12.25 

4.44 

10.89 

6.80 

7.41 

6. 96 

11.16 

9.83 

7.47 

8.77 

5.  75 

8.23 

September . 

3.93 

1.89 

2.63 

2.30 

2.34 

0. 87 

1.19 

81 

6. 

14 

5.19” 

5.52 

0768 

October . 

1.04 

4. 06 

4. 56 

2.66 

5. 10 

3.20 

(1.56 

2_ 

83 

1.21 

2.20 

4.42 

4.81 

November . 

4.70 

1 . 99 

2.25 

3.25 

4. 16 

1.68 

2.82 

1 

71 

4. 65 

3.  43 

1.07 

2. 19 

Total . . 

9.67 

7.94 

9.44 

8.21 

11.60 

5. 75 

4. 57 

7 

a5 

12. 00 

10. 82 

11.01 

7.68 

Yearly  total... 

34.24  j 

20.37 

28.67 

26. 83 

29.57 

27.02 

29.97 

28 

64 

31. 73 

32.9 

7 

31.11 

26.43 

Month. 

1845. 

1846. 

1847. 

1848. 

1849. 

1850. 

1851. 

1852. 

1853. 

1854. 

1855. 

December . 

1.64 

1.42 

2.52 

1.31 

4.11 

2.31 

5.28 

O 

70 

‘1 

.50 

1.72 

3.25 

January  . 

3. 51 

2.18 

3.01 

2.25 

1.39 

3.03 

1.36 

T. 

57 

‘1 

.47 

1.81 

3.  S3 

February . 

2.01 

2.92 

3.71 

1.04 

1.29 

1.95 

2.00 

2, 

08 

» 

.86 

2.86 

1.46 

March . 

2.62 

1.53 

0.92 

1.77 

2.35 

1.70 

1.38 

3.21 

G 

.30 

1.07 

1.48 

April. . 

2.49 

1.18 

2.65 

0.78 

1.44 

2.56 

1.16 

4.32 

1 

.24 

3.54 

2. 04 

May  . 

2. 65 

2.34 

1.73 

4.48 

3.81 

2. 87 

2.21 

O 

08 

4.56 

2.14 

1.96 

Total . 

14.92 

11.57 

14. 54 

11.63 

14.39 

14.42 

13. 39 

15.96 

17.93 

13. 14 

13.52 

June . 

4.48 

4.96 

2.65 

2. 13 

4.33 

1.84 

^6261” 

4. 

39 

i 

.48 

5.47 

5. 55 

July . 

2.75 

2.49 

2. 05 

6. 16 

0. 94 

5.97 

3. 58 

4. 

09 

] 

.00 

0. 25 

5.26 

August . 

2.77 

3. 85 

5.27 

2.  78 

3.62 

1.93 

1.54 

1. 

33 

G 

.01 

0.90 

2.63 

Total . 

10.00 

11.30 

9.97 

11.07 

8.89 

9.74 

rr  >~o 

i  .  l6 

9. 

81 

4 

.49 

6.62 

13. 44 

September  . . 

4.32 

2.76 

4.25 

2.96 

3.91 

2. 95 

1.06 

O 

97” 

6.83 

5.18 

1.80 

October  . . . 

2.84 

6.  79 

4. 94 

1.77 

4.17 

5. 06 

2.14 

3. 

89 

‘1 

.57 

1.64 

4.84 

November . . 

2. 58 

3.61 

3.65 

1.80 

,  3.31 

3.35 

3.9 

2 

‘> 

86 

G 

.34 

1.48 

1.06 

Total. . 

9.74 

13.16 

12.  84 

6. 53 

l  11.39 

11.36 

7. 12 

9. 

72 

11 

.74 

8.30 

7.70 

Yearly  total ... 

34. 66 

531103” 

”3tT35” 

29. 23 

34. 67 

35. 52 

28.2 

4 

35.49 

34. 16 

28.06 

34.66 

Month. 

1856. 

1857. 

1858. 

1859. 

1860. 

1861. 

1862. 

1863. 

1864. 

1865. 

1866. 

December . 

2.48 

2. 68 

4. 37 

3.48 

4. 46 

1.53 

1.38 

O 

34 

O 

.63 

4.82 

1.75 

January  . 

1.94 

1.92 

1.58 

1.37 

1.08 

2. 48 

3.5 

1 

O 

23 

2.91 

2  83 

1.48 

February  . 

0.77 

3.52 

2.38 

1.07 

1.35 

2. 98 

2.82 

‘7 

44 

1 

.18 

1.74 

2.39 

March . . 

1.92 

1.99 

1.46 

2.49 

1.64 

1.55 

5. 15 

3. 49 

3.44 

3. 17 

2.71 

April. . . 

2  32 

5.67 

2.85 

4.03 

1.80 

3.2, 

2. 13 

79 

3 

.23 

3. 03 

3. 20 

May . 

2.48 

3.72 

3.40 

2.71 

1.41 

3.88 

2. 05 

1. 

83 

a 

.54 

3.30 

2.90 

Total . . 

11.91 

19.50 

16. 04 

15. 15 

11.74 

15.  66 

17. 04 

15. 

12 

19.93 

18.89 

14.43 

June . 

1.90 

5. 19 

3.40 

1.17 

3. 78 

1.37 

4.44 

1.37 

1 

.  57 

5.43 

3. 90 

July . 

1.80 

3. 58 

4. 66 

4.16 

4.50 

5.11 

4.13 

5. 

03 

1 

.66 

1.47 

1.36 

August . 

2.70 

2.74 

3.28 

5.14 

2.50 

2  00 

3.7 

0 

5.49 

5 

.49 

1.04 

4.91 

Total . 

6.40 

11.51 

11.34 

10.47 

10.78 

8. 98 

10.7 

9 

10. 10 

8 

.72 

7.94 

10.17 

September . 

3.52 

iToo” 

3.19 

2. 86 

3.52 

6.09 

2.36 

1. 

51 

1 

TsT 

4.33 

4.11 

October  . . 

1.00 

4.22 

0. 86 

1.21 

4.71 

2.81 

3. 98 

0 

72 

5 

.51 

4.29 

1.22 

November . 

1.32 

3.96 

5.70 

1.92 

3.36 

1.41 

2. 46 

0 

97 

G 

.66 

1.70 

3.29 

Total. . 

5.84 

10. 08 

9.75 

5.99 

11.59 

10. 31 

8. 80 

7. 

20 

10.00 

10.32 

8.62 

Yearly  total ... 

24. 15 

41.09 

37. 13 

31. 6l” 

34.11 

34.95” 

36. 63 

32.42 

38. 65 

37. 15 

33.22 

a  Canandaigua  record. 


b  Geneva  record. 


DKKI*  WATERWAYS 
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Table  No.  97. — Record  of  precipitation  at  Rochester  far  certain  irater  years,  as 
indicated,  f  ram  l s  in  to  is: is,  inclusive — Continued. 


Moutb. 

1M17. 

1868. 

I860. 

1870. 

1871. 

1872. 

i8?a 

1874. 

1875. 

1876. 

1*77. 

Deeemlier . 

;tr 

•I  0.  7(1 

3. 23 

3.38 

63.26 

1.85 

4.16 

4. 50 

1.01 

2.01 

1.72 

Januarv  . 

2  ns 

1  4.1 

1  35 

3.  4U 

1  03 

2.  in 

3.  83 

6. 72 

1.10 

4  27 

3.  Ill 

February . 

:i.  oi 

1  50 

4  13 

3.  :is 

3. 25 

1.28 

1  52 

3. 35 

1  21 

5.  40 

0  16 

March  . . 

2  us 

4  3s 

2  27 

4  66 

3.  s2 

2.50 

7 .02 

2  0ii 

1.02 

3.  sii 

3. 55 

April  . 

2  id 

1  86 

1  47 

2  75 

3.  50 

2  15 

4  71 

4.00 

1.00 

1 . 00 

2  67 

May . 

5.  It!* 

6.:m 

2. 56 

0. 78 

1.68 

2.  18 

3.52 

2.  08 

2. 76 

1.55 

1.20 

Total . 

10  Hi 

16. 34 

15.01 

1-  35 

17.53 

12  37 

24  15 

24.53 

In.lis 

30  "1 

12  70 

1. 411 

2  87 

6. 62 

4  t  il  l 

5  35 

1  84 

2.  70 

3  21 

3  33 

3. 16 

July . 

3.  .'4 

11.68 

4.00 

4.  72 

3. 40 

2  56 

5.  42 

4  37 

•»  JO 

4.  40 

4.42 

August  . 

0.  72 

3. 22 

4.60 

6.05 

1.80 

3  ill 

II  84 

5.  is 

0. 36 

Total . 

(  M 

6  77 

16  12 

14  14 

0.  Ml 

10.27  1 

H.m 

In  53 

8. 18 

111.  56 

Keptemlx-r  . 

7  M 

5  11 

5.i»l 

0  61 

1.72 

2  07 

2  73 

2  -7 

5.  60 

2.31 

( lot<>ls>r  . 

1  02 

1  «7 

2  83 

2  55 

8. 14 

S  62 

217 

2.41 

1  26 

3.06 

Novemlier  . 

•in.  33 

4  42 

3. 58 

3.  10 

2.117 

3  24 

1.07 

2  14 

1.77 

5.  46 

Total . 

4  .13 

18  60 

11.62 

6. 16 

11. id 

14.83 

6.87 

7.  42 

8.72 

10. 

Yearly  total 

a*  .  SO 

u\  71 

£2  65 

. 

37.83 

34.  tu 

40  25 

30  411 

28  Id 

3b.  01 

34.00 

Month. 

1*7m 

1870. 

1880. 

1881. 

1882. 

1883. 

1884. 

1885. 

l.HMi. 

1SMT. 

1888. 

December  . 

1  7.1 

6.17 

3  26 

2  I* 

4  11 

2  111 

2. 33 

2. 62 

2  25 

1.80 

1.58 

January  . 

H.  IS 

3  .VI 

2.(17 

4  6s 

2.  <H 

0. 04 

5.  13 

2  12 

2  58 

1  :t4 

1  87 

February  . 

4  S4 

3  27 

3  s2 

2  sii 

1 2.5 

2.2> 

1  04 

1.54 

2  18 

4.75 

(1.85 

March  . 

4  Ml 

2  VI 

2  57 

5  33 

1  74 

1  65 

3.311 

0. 06 

2  85 

II.  04 

2.:« 

11  71 

1.44 

-  Ill 

1  1.5 

2  18 

1  61 

0. 04 

2  06 

4  nr. 

2  51 

1  22 

May . 

j.:-. 

1.85 

5  54 

5.  86 

5  57 

a  53 

2.28 

2.08 

2.  08 

1  17 

1.79 

Total . 

25. .12 

18  211 

10  38 

22  87 

16.80 

0.11 

15  02 

J«* 

16  80 

12.  60 

9.  66 

•June  . . 

1.00 

3  73 

2.  45 

3.211 

2  50 

4  :*2 

1  27 

2  33 

1.51 

l  6!l 

July . 

3  72 

4  61 

3  40 

2.211 

1  17 

3.  id 

2.74 

1.07 

1.00 

1  12 

A 1 1  jfll  N  t  ■*••••  •••■•■•« 

3.-4 

3  47 

5.53 

1.44 

2.73 

2. 52 

2. 20 

7  26 

1.50 

3.61 

Total . 

-  m  ii  u 

11  47 

6.84 

6  40  ... 

0.  87 

9. 21 

10.  66 

5.  id 

0.  42 

September . 

i  » 

2.  811 

2  72 

1  82 

0.82 

1. 00 

2.  40 

2.  ill 

0.  !«• 

2. 10 

Octolter  . 

3.  MJ 

II  67 

5. 31 

3. 63 

0.  62 

1  87 

2  66 

2.30 

1  31 

3.22 

November . . 

5.117 

4  47 

3.11. 

1.06 

2.01 

2.  id 

1  32 

2.  10 

4.45 

0.80 

2  Mi 

Total . 

111 25 

7.04 

11  22 

;  11 

3. 45 

5.10 

7.25 

0.65 

8.01 

8.27 

Yearly  total.... 

44  42 

38.04 

42.07 

37  12 

26  74 

30.88 

28.68 

37.2o" 

20.  ei 

27  :i4 

Month. 

lSMI 

18WI. 

1801. 

1802 

M3. 

1804 

lMtt. 

ls96. 

1807. 

1808. 

Mean. 

December  . 

2.00 

2. 57 

2.07 

3  85 

1 77 

3. 84 

3. 5li 

3  77 

O  Oj 

3. 30 

January  . 

... 

4  Ml 

3.  75 

2  73 

1.50 

3  27 

3  12 

3.3s 

2  47 

5.24 

February . 

-  <1 

3  SU 

4  17 

2  77 

3  31 

3  41 

2  Vl 

5  37 

2  31 

:i.ii8 

March  . 

1.7s 

2  H0 

4  44 

2  44 

1  si 

1  84 

1  56 

6.  it* 

3.  14 

2.:w 

April  . 

2  *4 

2  17 

1  80 

1  12 

3. 07 

2  id 

2  04 

1.00 

1.63 

1  72 

A I ji ^  •••••■•••».  • . •  -• 

2  :»i 

6JI) 

1  12 

4  84 

5.60 

-7 

3  44 

1.64 

1.33 

2. 04 

T  otal . 

14  72 

22  15 

ls.34 

17.75 

18.05 

21  26 

16. 16 

21.67 

IS  00 

18.71 

- . 

2  66 

1  .Vi 

6  68 

0  '.*4 

3  43 

1.56 

•J  HI) 

0  <r> 

II  S«» 

July 

1  62 

3  62 

3  21 

2  si 

2  !<2 

1.  88 

6  37 

2  id 

August . 

1  12 

2.81 

3  111 

3  52 

5.61 

11.70 

8  4u 

•)  *  1 
—  •  1 

1  72 

5.06 

Total — ........ 

H  VI 

6.00 

8.  10 

13  41 

0.  Vi 

7  16 

I1W 

10.26 

ll.nl 

7.07  . 

September . 

2  21 

5. 13 

1  41 

1  55 

2  26 

2  63 

2  :w 

3.50 

0.  46 

a.  as 

<  ictober  . 

4  ir_* 

4  77 

2  Vi 

11  7s 

1  83 

2  S6 

1  3s 

II  58 

11  07 

4  :»> 

November . 

4.82 

1  4.U5 

2.  46 

3  61 

lid 

I  1.65 

3  30 

2.  40 

3.71 

3.54 

. 

Total . 

10.  K5 

13. 05 

6  2il 

5. 04 

0  112 

7  14 

7. 15 

6  57 

5.14 

11.20 

Yearly  total.... 

35.  13 

42  60 

;k.  76 

37.  HI 

33. 43 

35.  4.5 

an  15 

38.  411 

211.  24 

37.88 

754.  til 

a  Genova  record. 


6  Lockport  record. 
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Table  No.  98. — Record  of  precipitation  at  Rome  for  certain  water  yearn,  as  indi¬ 
cated,  from  1S89  to  1898,  inclusive. 


Month. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

December  . . 

4.65 

4.03 

5.  77 

a  1.98 

5.43 

2.75 

4.15 

2.52 

3.49 

5.18 

4.81 

2.  IHI 

3  77 

1  89 

2  17 

3  10 

5  44 

February  . 

4.77 

5. 99 

2.  77 

7.03 

o2.  80 

2.88 

7.59 

1.69 

2.38 

March . . 

4.00 

3. 74 

7.36 

3.16 

61.93 

((.  89 

4.74 

4. 90 

3.45 

April.. _ _ 

4.  03 

1.69 

3.97 

2. 39 

2.55 

1.25 

3.36 

4. 19 

May . . . 

7.00 

6.11 

6.47 

5. 01 

2. 61 

2.85 

4.12 

3.82 

Total . . 

30. 03 

28. 51 

24.61 

21.33 

13.57 

22.75 

19.69 

22. 77 

_ 

June . 

6. 25 

6. 59 

5.02 

1.79 

5. 98 

2.05 

1.51 

4. 87 

3.76 

July . . 

6. 56 

3. 21 

4. 62 

2. 96 

2.01 

3.a5 

6.04 

4.92 

4. 18 

August . . 

1.67 

5.70 

7.04 

6.68 

2.40 

3. 49 

1.92 

2. 71 

10. 98 

Total . 

14.48 

15.50 

. 

16.68 

11.43 

10.39 

8.89 

9. 47 

12.50 

18.92 

. 

September _ 

3. 97 

8.61 

3. 34 

3.54 

6.07 

2. 51 

2. 30 

3. 95 

October _ _ 

3. 12 

7.26 

3.34 

a  2. 59 

2.56 

2. 01 

1.90 

0.38 

3. 80 

November . . 

5. 35 

5.96 

5. 54 

3.70 

2. 10 

1.78 

4.32 

5.06 

6.25 

c3.  79 

Total... . 

12.44 

21.83 

. 

9.63 

8.20 

12.50 

8.84 

11.53 

8.93 

11.54 

Yearly  total ... 

67. 36 

54.82 

44.24 

44.22 

31.30 

43.75 

41.12 

53.23 

47.50 

a  Utica  record. 

c  Mean  of — 

b  Mean  of — 

Little  Falls . . . . 

.  3.10 

Eastern  Plateau . . 

. 2.73 

1.61 

Canajoharie . . . 

.  3. 99 

Northern  Plateau  . . 

.  2.87 

2.26 

St.  Johnsville . . 

.  4. 29 

2)5.60 

3. 87 

3)11.38 

2. 80 

1.93 

3.79 

Table  No.  99. — Record  of  precipitation  at  Romulus  for  the  water  years  ISO  1  to 

1S9S,  inclusive. 


Month. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

December  . . 

3. 48 

0. 61 

1.89 

2.73 

3.11 

2.08 

2.01 

January . . 

2.74 

3.03 

1.10 

1. 94 

1.81 

2.34 

0. 97 

4.05 

February . 

2. 12 

1.98 

2. 49 

2. 64 

0. 56 

3. 66 

0.93 

1.81 

March . . 

3.42 

1.911 

0.58 

1.00 

4.47 

3. 80 

1.90 

April  . . 

1.11 

3. 02 

4. 57 

1.37 

2. 90 

2.53 

3. 60 

May . . 

5.04 

6.11 

6.02 

3.40 

4. 50 

4.80 

4.31 

Total . 

18.06 

15.23 

17.64 

10. 87 

20.98 

15.11 

17. 68 

June _ 

3. 89 

lAl 

2. 93 

— iifsT 

2.43 

2.71 

3.42 

July _ 

2. 83 

2. 20 

2. 90 

3.20 

4.92 

4. 14 

2. 42 

August _ _ 

6.06 

4.15 

2.34 

3.90 

3. 17 

0. 78 

4.97 

Total . 

12.78 

7.  76 

8.17 

10.42 

10.52 

7.63 

10.81 

September . . 

1. 12 

3.26 

4.92 

1.52- 

5. 10 

3. 95 

2. 03 

October . . 

4.07 

1.34 

1.65 

3.92 

1.15 

3.30 

1.21 

8.09 

November . . 

1.25 

3.21 

0.56 

1.44 

3.80 

o  92 

4.  (Mi 

4.48 

Total . 

5. 67 

5.47 

10.28 

6.47 

11.32 

9.22 

14.60  ) 

Yearly  total ... 

36.51 

28. 46 

36.09 

27.76 

42.82 

31. 96 

43.09 

Mean. 


A').  24 
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Tabij  No.  1 0:». — Record  >>f  / precipitation  at  Rondout  fur  the  water  years  ISSO  to 

1S94,  inelnsire. 


Month. 

1889. 

lHon. 

1HM1. 

1892. 

1810. 

18114. 

Mean. 

Doopnilwr . 

u  3. 35 

4  41 

4.00 

3.  43 

1.07 

3.211 

January  . 

4  HO 

2.  m 

11. 3H 

6.27 

6.63 

February . 

l.HH 

3. 7tl 

4. 11 

1.00 

8.71 

0.  .hT 

5  77 

5  18 

3  .'18 

4  ho 

1  7o 

April  . . 

2  17 

1  it; 

•_*.  411 

II  72 

4.20 

3.011 

May . 

3.  au 

8.61 

1.88 

5.  :si 

7.78 

4.  Ill 

Total . . . 

in.  27 

24. 17 

28.  75 

2U.U5 

31.99 

Jane ... 

July 

Alien'd 


6.  4> 

1  mi 

3.92 

4. 88 

t  'M 

9  06 

1.84 

11.43 

3.80 

2  12 

2  <1 

9.  4<l 

4.  17 

8  34 

V  VI 

Total 


17  ..hi  13»  14.52  18.  HO  111.  .VI 


Septoinlior . 

4.24 
x  12 

4.25 

1  77 

3  >C| 

2.H5 
n  H9 

4. 

Novemlier  . 

8.  07 

0.07 

3.  in 

6  57 

•1 

20 

Total . 

ii  ia 

10  21 

H.  .’HI 

8.52 

9. 

74 

Yearly  total . 

48  .08 

47.04 

51.77 

45  37 

62. 

28 

4»  it* 


ii  Allotiy  record. 


Tabu  No.  101. — Recant  of  precipitation  at  Rutland  far  the  miter  years  IS 41;  to 

ls>:i,  inclusive . 


Month. 

1848. 

1847. 

1848 

1849. 

KVI. 

1851. 

1852. 

1853. 

1854. 

Deremlier  . 

a  1.27 

1  84 

3.  07 

3. 57 

2  79 

3.  09 

3.87 

5. 51 

1.28 

January  . 

2  72 

3  13 

1.84 

2. 07 

2.  Vi 

l  71 

1  118 

1  III 

2  04 

Ftdiruary . 

1  30 

2  18 

II  87 

11  To 

2  96 

2  94 

1  42 

3. 52 

0 

a  I* 

March . 

1 

1  52 

2. 01 

3.41 

1  15 

2  40 

2.74 

3  45 

1?.  1*1 

April . 

1.58 

2. 7u 

1  OP 

1.75 

2  20 

1  40 

1.79 

2.  70 

4.117 

May . 

2.94 

0.03 

3  01 

4  :m 

8. 05 

2  91 

2.02 

3.  «• 

2. 28 

Total  . 

11.81 

12.00 

1  i  l.'l 

15.80 

15  55 

15.17 

13. 92 

19. 88 

15  17 

Juno . 

4.25 

4  14 

1  :« 

1  38 

1  73 

2  82 

2  11 

1  18 

2.82 

July . 

4  mi 

•l  12 

4  49 

2.  79 

7  03 

8  1(1 

3  59 

1.00 

(i  07 

Autfunt  . 

2.  VI 

1.38 

1.87 

1  88 

3. 51 

3.  40 

1.13 

2. 70 

(1. 92 

Total . .  .. 

11  38 

11.82 

7.  no 

8.06 

12.87 

14.31 

0.83 

5.48 

4.41 

September . 

3.08 

a.  mi 

3  1" 

4.82 

1 

2. 17 

3  78 

5  50 

2  65 

( )c  toller . 

II.  08 

4.32 

4.20 

7.08 

6.82 

8.04 

2. 95 

3.  12 

3  87 

November . 

5.16 

4.64 

s  u 

3.44 

3.  88 

4.90 

3.  88 

3.  42 

3  40 

Total .  ... 

15.51 

in  92 

9. 93 

15  12  | 

14  93  |  111.  11 

111  01 

12.04 

9  1C* 

Yearly  total  .. 

38  VI 

0  51 

31  ,1 

30  9; 

43  35 

;*•.  59 

37  15 

n  ao 

Month. 

185&» 

1850. 

1*57. 

1868. 

18511.  1800. 

1881. 

Mean. 

December . 

January . 

1.74 

2.91 

1.02 

0  HO 
1.93 
0.93 

3.49 

1. 98 
(1  70 

0. 70 

2.  it* 
4.47 

2.17 

1  mi 

4. 97 
1.88 

2.31 
1.08 
1.20 
3.40 
3.  87 
1.73 

3.  80 
1.87 
0. 97 
1.31 
1.67 
1.57 

O  Oi 

2  tli 

February  . 

March .  . . 

April . . 

3. 57 
2. 15 
5. 10 
2.90 

1.39 

0.97 

3  10 

3.54 

3.27 

3  27 

3  27 

. 

May  . 

3. 52 

. 

Total . 

9.93 

13  43 

10  95 

15.80 

14. 19 

11.13 

18. 18  . 

- 

J  uue  . . . 

4.82 

2. 12 

5  '.l 

2.  70 

3.  VI 

4.45 

2.09 

July _ _ _ _ ..... 

3. 93 

2.80  I 

2.40 

3. 14 

1  43 

4 .58 

8.20 

AutfUMt . 

2.73 

3.28  | 

4.45 

2.91 

6.75 

!i.  55 

2. 47 

Total . 

11.48 

8.20 

12.55 

8.81 

111.  08 

12.  VI 

12.82 

Heptemlicr . 

3. 57 

3.  49 

3  73 

4.11 

..  .11 

5.21 

4  r; 

(Jctoljer . 

5. 27 

1  45 

2.25 

2  10 

5.  m 

7.27 

November . 

1.82 

2.20 

4.80 

1.91) 

4.  Vi 

5.  in 

2.20 

Total  . . . 

10.00 

7.20 

14  31 

8.20 

9.89 

15.31 

13  85 

Yearly  total. . 

32. 07 

28.83 

43.81 

:ti  90 

34.  70 

39.08 

44  05 

.10, 54 

11  Knrketts  Harlmr  record. 
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Table  No.  102. — Record  of  precipitation  at  Sacketts  Harbor  for  certain  water 
years,  as  indicated,  from  1S41  to  1S9S,  inclusive. 


Month. 

1841. 

1842. 

1843. 

1844. 

1845. 

1846. 

1849. 

1850., 

1851. 

1852. 

1859. 

1860. 

1861. 

December . 

2. 85 

3.11 

1.96 

2. 06 

1.70 

1.27 

4.85 

6.26 

4.25 

5.18 

2.96 

January  . 

3. 18 

0. 94 

9 

55 

2.74 

3. 50 

2.61 

3.16 

2.39 

2.90 

2.40 

2.64 

0.51 

1 

93 

1.85 

2. 92 

2.24 

3. 55 

4.52 

2  79 

1  52 

5  44 

March . 

3. 00 

3 

24 

2. 57 

1.91 

2. 55 

2.28 

2. 13 

4.  33 

5.89 

1.39 

3. 08 

April . — 

2.  73 

3 

16 

2. 15 

1.79 

2.04 

1 . 96 

2.87 

3. 95 

3.29 

_ 

1.51 

2.70 

May . 

1.74 

1 

76 

1.44 

3.37 

4.16 

3.49 

i.  89 

6.  15 

5.08 

. 

. 

1.63 

4.48 

Total . 

14.01 

14 

14 

12.32 

12. 72 

16.87 

13. 85 

. 

22.71 

26. 53 

. 

. 

13. 63 

21.30 

1.58 

4  43 

4-  70 

3.  7 

4 

1.85 

1. 98 

2.07 

1  64 

2  78 

2  36 

2  10 

July . 

4.14 

3.81 

2. 

79 

3.7 

8 

5. 45 

0.91 

7. 57 

7. 67 

1.62 

4.79 

6. 32 

August . 

1.59 

3 

38 

1.85 

3. 80 

0.57 

4.06 

3.12 

3.  .53 

. 

3.28 

2.98 

4.04 

Total . 

7.31 

11.62 

9.34 

11.32 

7.87 

. 

7.04 

12.33 

13.98 

10.13 

12.46 

September. .  . . 

4. 21 

0.41 

3.18 

6.51 

4.  75 

2.64 

3.  70 

5. 80 

October _ 

1.58 

4. 11 

6.91 

3.52 

2.64 

5.21 

12.39 

6.09 

1.04 

3. 64 

4.  62 

N  ovember . 

3.85 

4.38 

2.44 

1.62 

2. 24 

. 

4.99 

3.93 

5.85 

. 

4.74 

5.92 

3.38 

Total . 

10.79 

12.70 

12.01 

5. 55 

8.06 

. 

16.71 

21.07 

15. 29 

. 

8.42 

13.26 

13. 80 

Yearly  total  . 

32.11 

38. 46 

33. 67 

29. 59 

32. 80 

. 

. 

56. 11 

55. 80 

37.02 

47. 56 

Month. 

1862. 

1863. 

1864. 

1865. 

1866. 

1867. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

December . 

1.30 

1. 

27 

4.50 

3. 38 

2.30 

2.46 

<(4.02 

1. 60 

1.98 

1.39 

1.05 

0.35 

January . 

1.13 

‘> 

26 

2.56 

1.58 

1.26 

. 

2.98 

1.60 

2.  (K) 

1.90 

4.71 

1.50 

February  . 

1.46 

3.08 

1.78 

j  »)»> 

2.  70 

2.30 

1.05 

2.00 

0. 30 

2. 24 

1.33 

4.20 

2 

05 

<3 

.72 

3. 94 

2.82 

1.34 

2.32 

1.50 

5.60 

2. 07 

1.12 

April . . 

2. 14 

3.34 

4.80 

3.30 

2. 88 

0. 42 

2.15 

1.60 

2.72 

0.  97 

1.01 

May . 

2.42 

•> 

42 

6.  76 

2. 59 

3.22 

1.68 

1.58 

2.14 

0.  92 

0. 92 

3.32 

Total . 

12. 65 

14.12 

23. 12 

16.01 

15. 18 

12.  74  |10. 30 

11.22 

12.83 

11.96 

8.63 

June . . . -  - 

1.68 

_ o 

34 

1 

.14 

4.08 

3784 

1.48 

1.38 

2.90 

2. 30 

]  "1 

1. 55 

July . 

3.60 

•> 

56 

: 

.  14 

2.28 

1.50 

1.46 

2. 17 

1. 55 

1.96 

3. 31 

1.83 

August . 

1.64 

3. 44 

3.02 

0. 56 

5.88 

1.61 

6.14 

3. 64 

2.  70 

1.10 

2. 64 

Total . 

6.92 

8. 

34 

5 

.30 

6.92 

11.22 

. 

4. 55 

9.69 

8.09 

6.96 

6. 25 

6.02 

September . 

- 

2. 96 

40 

2.94 

1.73 

5.34 

4 . 55 

1.40 

3.8-f 

2.20 

3. 20 

3. 01 

3.  72 

5. 

44 

5. 94 

4.  78 

2.  91 1 

2. 05 

1.55 

5. 20 

5.  25 

4.  57 

2. 99 

November . 

o  r 

4 

4. 

70 

5.36 

2.26 

4.12 

1.27 

3.68 

2.39 

1.  .55 

1.60 

1. 65 

Total . 

9.22 

12. 

54 

14. 24 

8.  <  4 

12. 36 

7. 87 

6. 6)1 

11.44 

9.00 

9.37 

7. 65 

Yearly  total. 

- 

28.79 

35. 

30 

42.66 

31.  70 

38. 7t> 

. 

25. 16 

26.62 

30. 75 

28. 79 

22.30 

Month. 

1876. 

1877. 

1878. 

1879. 

1880. 

1881. 

1882. 

1883. 

1884. 

1885. 

1886. 

1887. 

December . . 

1.21 

1.51 

61.98 

6.28 

1.51 

2.96 

2. 90 

1. 57 

2. 43 

2.68 

3.18 

1.88 

1. 42 

\  35 

0.92 

2.02 

2  99 

1.40 

2  7° 

2. 36 

2.20 

2. 62 

2.86 

3.  60 

.42 

1.42 

1.33 

1.34 

1.94 

1.78 

2.37 

1.42 

2.12 

1 . 50 

March . 

3. 91 

2.47 

1.95 

1.88 

2. 59 

2.  72 

1.00 

2. 45 

0.92 

2.72 

1.34 

April . 

O.f 

>;> 

l' 

79 

!.  68 

0.  60 

0.  92 

0.42 

1.26 

1.56 

0.  54 

1.48 

1.84 

1 . 96 

May . 

15 

0. 

75 

1.95 

0.90 

1.09 

2.  97 

4.97 

3.  70 

3.25 

1.42 

2.16 

1.56 

Total . 

12. 04 

12. 85 

12. 07 

8.75 

13.27 

15.19 

12. 33 

13. 40 

10.12 

14.64 

11. 10 

June . 

1.80 

9 

21 

1.01 

3. 47 

0.88 

2.54 

2.88 

2. 06 

0. 99 

2.49 

1.08 

2.08 

July . 

2.83 

9 

97 

4.58 

1  15 

2.  IK) 

0.38 

1.68 

3. 93 

3. 98 

2.42 

2. 38 

0.53 

August . . 

0. 78 

5. 30 

2. 30 

1.62 

0. 47 

2.80 

2. 10 

2. 69 

2. 26 

3. 92 

1.49 

Total . 

5.41 

10. 89 

6.92 

4.50 

3.39 

7.36 

8.09 

7.66 

7.20 

7.38 

4.10 

September . . 

3.  Of) 

1.86 

1 

.43 

1.80 

2.80 

1.21 

1.95 

2. 83 

2.69 

3.28 

4.38 

1.12 

October  . 

3. 00 

1 

50 

4.47 

0.92 

3.31 

2.  94 

0.92 

2. 35 

2. 63 

3.  69 

1.44 

5.38 

November . 

- 

1.97 

4 

43 

4.91 

5. 32 

3.  14 

2.03 

1.28 

1.87 

2. 49 

c2. 54 

3.00 

1.46 

Total . 

7.97 

t 

79 

10. 81 

8.04 

9.25 

6.18 

4.15 

7.05 

7. 81 

9. 51 

8.82 

7.96 

Yearly  total. 

- 

25. 42 

. 

~3T55~ 

27.03 

22. 50 

22.84 

26. 70 

27ir 

28.87 

26.83 

30. 84 

23.16 

a  Mean  of — 

Depauville .  4.38 

Pierpont  Manor .  3.67 


2)8.05 


b  Mean  of — 

North  Volney . 1. 90 

Oswego . 2. 34 

Adams .  1.70 


c  Mean  of — 

North  Volney . 2.95 

Oswego . 2. 17 

Palermo . 2. 50 


7<‘>2 
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Taiii.i:  No.  10:2. —  Record  of  on  ci  pitot  ion  at  Sacketts  Hart  tor  for  certain  irater 
years,  as  indicated,  from  1SJ1  to  V.v.'/.v,  ineJnsire — (’ontinned. 


Month. 

]sss. 

1**K. 

1M«». 

1*01. 

1*02. 

1*03. 

1*94. 

1*05. 

1*0(1. 

1*07. 

1*08. 

Mt‘&n 

Deoemlier . 

1  H2 

a  2  d* 

6  *o 

2.  52 

3.  47 

1.42 

8  52 

«> 

2  06 

1  61 

3  68 

January  . . . 

(1.2(1 

2  42 

3. 10 

2  (11 

2  7* 

2.  70 

3  111 

3  OH 

1  05 

1  29 

64 

February . 

..  .V* 

1  P 

3.(10 

2.(15 

1.76 

2  35 

2  (12 

1  l'( 

5  :hi 

1  79 

(IS 

March  . 

0.90 

0.  70 

3  ((2 

2  *0 

2.  1(1 

1  22 

2  17 

2  1(1 

1  0(1 

2.41 

0.115 

April . 

(1  (K!  , 

4  !*• 

1  52 

0.  *5 

li  (V4 

3  |(* 

1  52 

1  53 

ii  :im 

1  16 

1  17 

May  . 

0.  2*  1 

8.25 

.:  n 

1.08 

4  *1 

6.  .50 

4  INI 

2  (01 

2.41 

3. 00 

63. 41 

. 

Total . 

i  .'( 

1 1 

In  no 

11  05 

15  (11 

17.36 

17  05 

13.68 

14.06 

12  25 

13.63 

. 

June  . 

1.09 

11.. VI 

2  35 

1  04 

6.41 

1  (id 

3  1(2 

1  77 

1.54 

1.03 

2. 50 

Jul>  .«•••  ••••*•  .... 

2  21 

:i  01 

1  43 

3  21 

4  62 

2  ai 

2  02 

2. 03 

4  (K 

2  55 

0  60 

August . 

2  50 

II  Ml 

0.  *0 

2.(10 

(1  52 

9.00 

0.63 

8.05 

8. 7o 

1.90 

2.65 

Total . 

6.1(2 

1(1.30 

4  .V* 

7  15 

1(1.  4.5 

12  02 

6. 57 

7. 75 

9.26 

6.48 

5.  75 

September . .  . . 

1  10 

»  (K 

6  27 

1.8(1 

4  *0 

2  2* 

4  22 

2  ((7 

.5  *4 

0  70 

1  35 

CVtolier  . 

7. 13 

;i  o* 

3  1(1 

3  43 

2  (»l 

1  74 

4  71 

1  77 

•» 

0*0 

2  75 

November . 

2.  VC 

l»t  «C2 

1  42 

3  7* 

3  1*1 

2.74 

2.01 

4  12 

2  1*1 

2  66 

63.08 

. 

Total . 

14.59 

1(1  1* 

10.85 

0  n7 

10. 70 

il  7(1 

10  04 

7.0(1 

11.04 

4.25 

7  12 

Yearly  total  . 

52.  (11 

35  42 

28.17 

42  7(1 

37.01 

34  4(1 

20.  :io 

34.36 

21.98 

26  50 

38. 60 

a  Mean  of 

Uttcn .  3  12 

Palermo . 2.25 


a  Mean  of 

Uttca .  3  12 

Palermo . 2.25 


2)6  37 

2.68 

h  Watertown  record. 

T  vmi  K  No.  103.  —  Hi  coni  if  precipitation  at  Salem  for  certain  irater  years,  as 
imticatixi,  from  Jsp>  to  JS47,  inclusire. 


Month. 


Deoemlier  .  . 

January  . 

February  . 

March  . 

April . 

May . 


Total 


Juno . 

July  . . 

AuKU»t . 

Total . 

September.  . 

(  letolter . 

November . 

Total . 

Yearly  total . . 


1*40  1*41.  1*42.  1*43. 


1*44. 


1*45.  1*4(1. 


1*47.  Mean. 


<t  1.96 
0. 09 
1.37 
3.  70 

2  (91 

1  47 

1  10 
. 

0.80 

2  15 
3. 78 

2  37 

1.11 

1.70 

1  .»• 
1.75 
4.36 
2. 3* 
1.52 

1.57 
2.  (It 
1.45 

2  34 
1.07 

3  38 

3  27 
1. 80 

2  84 

2  -VI 

o.  *1 
*» 

8  94 
1.04 
o  95 
2  50 
0.4.5 
2. 90 

8.00 

1  M 

1  :« 

2  37 
1.10 
2.20 

•  •••  •••• 

12  ai  13.  42 

13.07 

11  00 

13.20 

12.  74 

11  60 

4  20 

1  5" 

4  82 

3.  (kS 

2  .IE* 

2  72 

5.  do 

4.55 

4  :U 

2. 20 

4  48 

8  1*1 

4  *(l 

3.  ai 

2.20 

6.52 

1.53 

2.40 

0.71 

5.04 

12.07 

07 

15.  (18 

7  (I 

8.00 

li  40 

1ft.  44 

4  13 

4  68 

1  7" 

2. 0* 

3.  25 

•  95 

3  M 

4  20 

0.33 

5.  41 

4  *5 

1.90 

1.55 

4. 05 

2.98 

i  M 

3.43 

0.00 

3.80 

3. 63 

1  73 

. 

11. 34 

6.37 

10.54 

8.82 

*  35 

*  1  1 

0  *0 

85  67 

25. 86 

••••••••» 

30.20 

28.  16 

30.45 

32. 36 

30  1K1 

32  07 

a  Gmnvillo  record. 
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Table  No.  104. — Record  of  precipitation  at  Saranac  Lake  for  certain  icater  years, 
as  indicated ,  from  1889  to  1898,  inclusive.  •, 


Month. 


December 

January.. 

February 

March 

April . 

May . 


Total 


June.... 

July - 

August . 


Total 

September 
October  ... 
November. 


Total _ 

Yearly  total... 


1889. 


a  3. 10 
5.43 
3.59 
2.96 
2.15 
2.28 


19.51 


5. 85 
4.25 


12.82 


3.69 

4.17 

2.21 


10.07 


42.40 


1890. 


3. 12 


1894. 


5  5.75 
2.  77 
1.96 
2.04 
0.75 
4.41 


17.68 


5.06 

3.44 

1.58 


1895. 


2.27 

1.84 

1.22 

1.37 

2.30 

4.34 


13.34 


1896. 


3.49 
1.11 
4.28 
4.31 
1.37 
2. 47 


17.03 


3.25 
2. 46 
4.61 


3.70 

4.19 

2.68 


10.08 


10.32 


3. 58 
4.10 


3. 56 
1. 68 
4.43 


10.43 


9.67 


38.19 


33.33 


10.57 


4.75 

1.76 
2.80 


9.31 


36. 91 


1897. 


1.44 

2.48 

1.50 

2.70 

3.79 

3.41 


1898. 


2.22 
3.39 
2.48 
1.25 
2. 65 
3.23 


15.32 


15.22 


3.75 

8.55 

2.56 


4.06 
3. 16 
4. 79 


14.86 


12. 01 


2.10 
1.41  I 
4.74 


4.05 
3. 50 
2.76 


8.90 


10.31 


Mean. 


39.08 


37.54 


37. 91 


a  Glens  Falls  record. 


b  Mean  of  Northern  Plateau. 


Table  No.  105. — Record  of  precipitation  at  Skaneateles  for  the  water  years  1894  to 

1898 ,  inclusive. 


Month. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

December . . . - . . 

2. 16 

3. 92 

1.44 

3.48 

2  79 

2.08 

1.77 

3. 69 

2. 86 

3.84 

1.45 

2.10 

2.23 

5.56 

4.13 

2.58 

April  -  . . . . . - . 

1.86 

0. 97 

3.16 

3. 63 

2.58 

2.15 

3.31 

5.28 

14.48 

18.52 

15.26 

20.76 

2. 04 

2.31 

3.15 

3.50 

2.90 

5.39 

4. 92 

1.91 

4.28 

4.05 

2.09 

6.17 

9.22 

11.75 

10.16 

11.58 

5.68 

1.91 

5.08 

2. 73 

5. 53 

3.79 

0.82 

3.48 

0. 95 

5.20 

October . .  _ . - . 

1.72 

3.46 

2.73 

5.70 

3.95 

Total  . 

11.19 

6.19 

11.29 

9.38 

14.68 

Yearly  total _ 

29.89 

41.56 

34.80 

47.02 

38.32 
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TABLE  No.  lOfi. — Record  of  jireeijiitation  nt  South  Ciwinteo  for  the  iratrr  years 

1. s'.v.v  to  JS9S,  inclusive. 


Month. 

1889. 

1*90. 

1H01. 

1893. 

1898. 

1894. 

1HU6. 

181*1. 

1897. 

1898. 

Mean. 

l>ei’pjnl«er . 

4.00 

4.00 

1.01 

3.  91 

3.41 

4.34 

1. 14 

3.71 

January  . 

0.80 

3.  Mi 

3.  53 

3.50 

3.  '.Hi 

3  41 

3.  32 

3.  7*1 

3.34 

3.!*i 

February  . 

3. 117 

4  73 

3.  40 

3.58 

3. 31 

0.97 

5. 03 

1.00 

3.09 

March . 

4  4i 

3.  13 

3  a 

3.51 

1  HI 

1  113 

3  71 

3  ol 

4  53 

April . 

4.96 

4  33 

H  *»> 

1  Oi 

5. 84 

7.80 

1  49 

1  35 

3.  13 

3  :ir, 

M ii j  » • . . . . ...... 

5  BO 

8.04 

1.41 

ll.  74 

• 

5.35 

11.411 

3.  79 

4  Kl 

3. 18 

3. 8? 

Total . 

. 

37  90 

IK.  31 

31.98 

33.  15 

30  i  ; 

13.61 

31.71 

14  40 

80.45 

- 

ict 

2  iVs 

3  119 

4  7* 

3  51 

4  75 

l\  **•» 

3  48 

•J  IN  1 

9.35 

3  81 

4  H3 

4  06 

3  70 

8. 84 

..  -- 
-  i « 

5.01 

6. 63 

1  75 

Autrunt . 

3. 13 

7.41 

5.KI) 

4. 83 

4  13 

3.71 

3.88 

1.63 

3. 69 

4.  45 

. 

Total . 

B*.  .>1 

14.75 

13  10 

13.38 

11.61 

9.56 

11  40 

13. 85 

11.79 

9  10  . 

September  . 

4  .VI 

13  73 

1.30 

1.40 

3  70 

7  13 

1  15 

5.10 

a.  47 

3.38 

t  Irtober . 

4  Vi 

ll  51 

3  4K 

3  44 

4.06 

4  40 

1  17 

0  49 

1.04 

4  80 

November . . . 

0  33 

1.90 

3  74 

3. 60 

3.07 

3.  13 

3  49 

u; 

3. 56 

3. 31 

Total . 

15.47 

31.13 

7.43 

7.44 

8.88 

13.  H5 

6  71 

13.41 

8.07 

10.41 

Yearly  total ... 

113  7k 

38.  ki 

43.  75 

43. 114 

53.  iV4 

30.  73 

47. 97 

34.36 

39. 1*1 

43  84 

Table  N".  10T. — Reconi  of  jin'ci/iitation  at  South  Hart  font  for  certain  iratrr 
years ,  <is  indicated,  f  ram  1}«>3  to  1379,  inclusive. 


Month. 

l*tt. 

11*14.  1865. 

1.81*1 

18*17. 

1868. 

1860. 

1870. 

Deccinlier  . 

3. 33 

4  40 

3. 65 

3  63 

1.20 

3.70 

4  15 

.latiuurv  . 

1  VI 

3.60 

1.  1  8 

1  II 

4  in 

8.40 

2. 87 

February  . 

1  75 

1. 80 

4.74 

2.85 

1  lo 

4  H5 

3  73 

March . 

3  1C, 

6  in 

1.94 

1 

3  45 

5.  1.5 

:t  58 

Anril . . 

5  75 

5  :»i 

(1 

4  Vi 

3. 85 

1  i*i 

1  85 

May . 

6  53 

T.  XI 

i.ui 

8.  Vi 

6.30 

2  lo 

0.  05 

Total . 

21.77  |  25.71 

Hi-. 

17  8*1 

20. 30 

16.83 

. 

0  v* 

:t  #15 

'  .  } 

’t 

3  35 

Julv  . 

i*.  ry. 

1  95 

4  56 

3.  46 

3  73 

0.  80 

3.  13 

3.70 

August . 

in.  13 

7.68 

0.  95 

4.  34 

2.60  1 

1  84 

<i  1  76 

1.45 

Total . 

lo  45 

9  50  | 

10  4.5  | 

i;  i 8 

5.54 

9  91 

8.  V) 

September . 

2  HI  1 

4.55 

3.  m 

5  3' 

1.30 

1.  6  '*i 

3  1" 

3  1.5 

(Ictolier  . 

3  60 

4  55 

3  37 

1.07 

3  72 

3.  71 

13  85 

3  95 

November . 

-- 

3  13 

6  1*1 

4.1*1 

4.1*1  | 

3.1*1 

8.30 

3.50 

1.13 

Total . 

-- 

7. 63 

111  uo 

9.81 

11  31 

:  it* 

i:  .51 

i:<  (ft 

6.33 

Yearly  total. 

i'  r:  it  St 

5i  n 

47  12 

40.85 

49  1*1 

31.  >4 

Month. 

1871.  1873.  1873. 

1875. 

1876. 

t  . 

1878. 

1879. 

Meau. 

December . 

1.73 

3.  73  3  86 

1.1*1 

3.18 

0. 35 

5. 15 

3  13 

.1  an  liar  v _ .... 

3  53 

1  (II  3  43 

3.  .53 

3. 

5.05 

A.  Ml 

2  68 

February _ _ 

3. 51 

1  95  3  1*1 

4. 66 

0.  43 

1.70 

2  06 

.March  . . 

3  38 

3  33  3  (C, 

4.91 

3.  95 

1.  7o 

3  36 

April . 

1 .  lCi 

3  05  3  25 

2. 16 

1  95 

3.35 

2.71 

May . . 

3. 10 

4.05  |  1.80 

. 

3.  75 

3.17 

3.50 

•  •••••••• 

3.  73 

Total . 

14. 18  | 

15.73  i  18.28 

19. 09 

13. 57 

14.45 

18. 16 

June . . 

8  05 

640  095 

4  30 

l  85 

3  *1 

4  12 

July . 

5.  45 

4.15  4  15 

5.:»i 

4.85 

4.86 

3.74 

Aiiyilxt  . . 

9. 10 

7. 15  I  3. 15 

4  90 

1.85 

3.  40 

6.30 

Total . 

17.00 

17.70  8  35 

11  45 

13  111 

13.  95 

3  00  i 

1  1*1  3  30 

3  35 

7" 

n  55 

( ictolier  . 

a.  vi 

3  9o  4  45 

6  90 

1  20 

4  75 

4.31 

4  10 

November . 

3. 15  | 

3.40  4.53 

4 

(15 

0.80 

4.95 

3.61 

3.86 

Total . 

7.66 

7!»i  13.17 

11  9M 

7.70 

10.35 

8. 50 

Yearly  total. 

39.43  ( 

41.33  38.70 

38.34 

36.  93 

36.  99 

a  Truy  record.  b  WUllamatovvn.  Muss.,  record. 
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Table  No.  108. — Record  of  precipitation  at  South  Kortright  for  the  water  years 

1889  to  1898,  inclusive. 


Month. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

December . 

a3. 35 

1.94 

5. 25 

4. 57 

1.11 

1.99 

3.08 

3.23 

1.37 

4.02 

January  . 

a4. 45 

2.95 

4. 67 

3.30 

1.27 

2.28 

1.76 

62.26 

0.94 

2. 84 

February  . 

0.86 

2.06 

3.31 

1.02 

4.22 

1.  19 

1.40 

4.81 

1  53 

2. 38 

March . . 

1.38 

3  99 

2. 37 

2.32 

2. 82 

1.69 

3.  76 

2.59 

1.82 

April . . . 

2.55 

1. 86 

1.65 

0.77 

3. 35 

2.25 

3. 31 

1.48 

2.91 

2. 54 

May . 

4.18 

5.24 

3.57 

6. 35 

5.81 

6.67 

2.19 

2.94 

5.33 

4.06 

Total.  . . 

16. 77 

17.27 

20.82 

18.33 

18. 58 

15.63 

13.34 

18.48 

14.  67 

17.66 

. 

June . 

6.02 

4.66 

3.04 

2. 80 

5.  76 

4.16 

1.53 

2. 75 

5.00 

3.70 

July . 

5.52 

2.31 

3.67 

5.14 

3.50 

4  10 

3.11 

5. 50 

5. 56 

2.56 

August . 

3.26 

5.11 

4.21 

6. 55 

7.26 

0.84 

4.68 

2.12 

6.03 

8.21 

Total . 

14.80 

12.08 

10.92 

14.49 

16. 52 

9.10 

9.32 

10.37 

16. 59 

14.47 

September . 

3.80 

5. 64 

1.45 

2.98 

3. 76 

3.08 

2. 69 

3.68 

4.67 

2. 98 

October . 

3. 31 

4.86 

2.58 

1.13 

2. 05 

4.04 

2.71 

2.35 

0.98 

5.23 

November . 

4.42 

1.81 

2.63 

2.61 

1.10 

2.30 

3.70 

2.83 

4. 35 

3. 88 

Total . 

11.53 

12. 31 

6.66 

6.72 

6.91 

9.42 

9.10 

8.86 

10. 00 

12.09 

. 

Yearly  total . . 

43.10 

41.  66 

38.40 

39.54 

42.01 

34.15 

31. 76 

37. 71 

41.26 

44. 22 

39.38 

a  Middleburg  record.  b  Bloom ville  record. 


Table  No.  109. — Record  of  precipitation  at  South  Trenton  for  certain  water  years, 
as  indicated,  from  1863  to  1876,  inclusive. 


Month. 

1863. 

1864. 

1865. 

1866. 

1867. 

1868. 

1869. 

1870. 

December . . . 

2.02 

3.72 

a  3. 27 

4.10 

9.35 

3.01 

4.30 

January  . 

4.  .50 

2.65 

2.20 

5. 57 

4.97 

Fe  br uary _ 

4.25 

5.  75 

6.49 

2.60 

3. 55 

3.91 

March _ _ 

6.35 

4.25 

5.30 

4.60 

4.86 

6.68 

April _ _ _ _ _ 

7. 20 

1.31 

5.54 

3.04 

4.91 

2.54 

May . 

2. 75 

. 

4.21 

7.62 

7.54 

3.  71 

2. 77 

Total . 

27.07 

21.44 

31.25 

33.73 

26. 51 

25. 17 

June . . . 

5.40 

7.14 

5. 30 

3.82 

3.81 

July  _ _ _ 

5. 77 

5. 07 

0.86 

b  5. 16 

10. 70 

6.50 

August . 

5.25 

1.22 

4.49 

3.34 

b  5. 74 

5.22 

7.01 

Total . 

12.39 

16.70 

9.50 

14.72 

22.38 

17.32 

September . 

3. 97 

8.07 

5.18 

~  LhT 

5.28 

1.18 

October _ 

4.78 

2. 84 

3. 84 

2.59 

5.84 

8.00 

November  . 

4.00 

9 42 

5.34 

4.86 

4.74 

6. 61 

3.39 

Total . 

11.17 

16.25 

13. 88 

14.48 

17.73 

12.57 

Yearly  total. .. 

50.63 

54.39 

54. 63 

62. 93 

66. 62 

.55.06 

a  Mean  of —  b  Mean  of — 


Oneida . 

.  3. 76 

Oneida . . 

. .  5.97 

6.60 

5.40 

Pierpont  Manor . 

Depauville . 

.  2. 65 

Houseville . 

.  4.35 

4.88 

6. 31 

Gouverneur  . 

2)10. 32 

11.48 

11.71 

Palermo . 

.  3.10 

5. 16 

5.74 

5.85 

5)16.36 

3.27 
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Tahu.  No.  1 00.  —  Tiecovd  of  precipitat  ion  at  South  Trenton  for  certain  miter  years, 
ns  indicated,  from  J8H.1  to  187H,  inclusive — Continued. 


Month. 

1871. 

1872. 

1873. 

1874. 

1875. 

1878. 

Mean. 

2.  45 

2.  no 

3.13 

It  8.  Hi 

2.  «1 

2.39 

January  .. 

2. 70 

1.85 

3.00 

6. 42 

2  27 

53.72 

February  . . 

6.  lit 

6.00 

CS.1» 

8.21 

9.07 

7.h2 

7.34 

2.57 

5.  .'12 

3.  83 

2. 33 

3.81 

Anril 

4.  <1 

c  1 .  U5 

1  12 

3.00 

3.  :«t 

4.85 

Mav 

2. 97 

3.  ‘itt 

2.82 

3. 50 

n  4. 12 

5. 58 

Totil . 

2.7 1*1 

111.  10 

17.55 

30.  Ml 

23.79 

28. 15 

.Tune . 

n 5.  70 

4  40 

3.07 

5  TV 

11  4.  MM 

l  76 

Jnlv  . 

4  lit 

5.11) 

8.  82 

7  2=1 

5  71 

4  till 

Autra»t  . 

rf5.85 

5.58 

4.87 

3. 211 

5.17 

2  .34  . 

Total . 

15  -.1 

14-  l*t 

14  70 

18.25 

15.77 

11.70 

fteptem)>er ....... 

2  32 

3  27 

2  75 

1.70 

4.37 

5  5  88 

< K'tf  »>H*r  . 

:i  mi 

5. 12 

8.  07 

2  17 

a  5  :C1 

2  M.5 

Novemlier . 

5.43 

3  06 

4  72 

2. 86 

5.80 

62.85 

Total . 

ll.tll 

Lt.m 

14.14 

8.  72 

15  60 

11.56 

Yearly  total ... 

52  28 

43. 19 

48  46 

51  M3 

56. 16 

51.41 

53.88 

a  Mean  of —  r  Mean  of — 


<  tneiiln 

..  8.73 

8.97  4  17 

7.  .VI 

8.  45 

3  10 

Depauville. 

..  2.80 

0  65  4.00 

4*  •»» 

O  OJ 

1.83 

2)11. 53 

1  i  a:  >  S, 

9  78 

10.86 

2)2. 10 

4  73 

5.  78 

6.81  4  12 

4.80 

5. 33 

1.05 

2.30 

6  Mean  of  — 

il  Mean  of— 

» tneiiln . 

.  .  3  95 

7.:c» 

2.2D 

<  tnehla  . 

. .  5  97 

8.  80 

5  4<) 

Palermo _ 

. 3.50 

4.40 

8. 50 

Ilou*evillo . 

. .  4.35 

4.88 

8. 31 

2t7.  45 

11  73 

5.70 

2)10  32 

11  48 

11.  71 

3.72 

6. 80 

2. 85 

5.  18 

5.  74 

5. 85 

Table  No.  110. — Iterant  Ilf  precipitation  at  Theresa  for  certain  irater  years  as 

indicated,  from  JS'.I  to  JSCS,  inclusive. 


a  Mean  of— 

(louverneur . 2.82 

Pierpoat  Manor . IB 


h  Mean  of — 

Goaverueur . 1.70 

Plerpont  Mauur .  1.  .S3 


2)6.  (B 

S  "i 


2>3.23 

1.02 
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Table  No.  111. — Record  of  precipitation  at  Turin  for  the  water  years  1S90  to  1896 , 

inclusive. 


Month. 


December 
January. . 
February 
March 

April . 

May . 


Total 


June . 

July . . 

August . . 

Total . 

September . 

October  . 

November . . 

Total . 

Yearly  total 


1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

Mean. 

5.14 

6. 74 

7.00 

2.99 

6.93 

3. 24 

4.28 

7.15 

5.  86 

6.39 

3.78 

3.81 

5.51 

4.42 

4. 83 

7. 60 

4. 33 

6.33 

3.  79 

3. 21 

9.11 

3.30 

4.18 

4. 02 

3. 40 

2.  76 

3.23 

4. 63 

1.82 

2.58 

1.83 

4. 13 

2.58 

0. 87 

1.48 

5.69 

1.81 

5.80 

6.39 

5.79 

3.32 

2.96 

27. 93 

28.77 

29.37 

27.02 

25. 66 

19.38 

26. 88 

4.09 

3.25 

5.43 

4.25 

4.70 

1.64 

7.47 

6.94 

4.92 

2.58 

2.59 

2.85 

5.40 

4.92 

9.00 

7.09 

1.54 

4.42 

16.96 

15.11 

19.35 

13.92 

8.83 

8.91 

7.32 

2. 05 

3.37 

3.36 

4. 51 

3.99 

5. 47 

3. 60 

2. 05 

1.97 

6. 36 

3. 71 

4.99 

7.03 

4.95 

3. 80 

3.38 

5.27 

17.  78 

12.68 

10.37 

9. 13 

14.25 

12. 97 

62. 67 

56. 56 

59.09 

50. 07 

48.74 

41.26 

5306 

Table  No.  112. — Record  of  precipitation  at  Utica  for  certain  water  years,  as  indi¬ 
cated,  from  1826  to  1893,  inclusive. 


Month. 

1826. 

1827. 

1828. 

1829. 

1830. 

1831. 

1832.  1833. 

1834. 

1835. 

1836. 

1837. 

December . . 

January . 

February  . . 

March . . 

April . 

May . 

Total . 

June . 

July . . 

August . 

Total . . 

September . 

October  . 

November . 

Total . 

Yearly  total.. . 

«3.06 
3.  46 
2.10 
3.37 
1.30 
0.93 

6. 37 
3.36 
2.94 
1.92 
5.18 
3.97 

3.00 
1.79 
2.70 
0.89 
1.41 
0.  75 

0.31 
2.  82 
3.00 
2.(10 
4.57 
0.35 

3.37 
2. 94 
0.52 
5.61 
2.18 
4.97 

2.84 
3.  Ill 
2.64 
1.90 
5.33 
2.92 

3.88 
3. 13 
1.96 
1.45 
1. 65 
2.20 

5.15 
2.17 
2. 68 
1.39 
0.  73 
4. 30 

2.61 
1.89 
1.21 
2. 68 
3.83 
3.23 

1.89 
3.31 
1.79 
1.93 
3.  67 
2.  18 

1.16 
8.06 
2. 65 
0. 51 
2.60 
4.33 

2.51 

14.22 

23.74 

10.54 

13. 05 

19.59 

18.  73 

18.27 

16. 42 

15. 45 

14.77 

19. 31 

7. 46 

0.72 

3.42 

7.60 

4.99 

5. 16 
7. 54 
4.99 

3.40 
3. 97 
2.11 

7.93~ 
5. 44 
2.10 

3.23 

6.09 

4.38 

1.90 

3.64 

11.44 

2. 46 
6.03 
3.96 

5.99 

3.20 

3.97 

6.88 
4.89 
6. 50 

3.  CIO 
1.72 
0.  91 

. 

11.54 

16. 01 

17.69 

9.48 

15.  47 

13. 70 

16. 98 

12.45 

13. 16 

18.27 

5.63 

. 

2.63 

1.93 

2.48 

4. 05 
4.50 
2.99 

4.29 
2.59 
4. 15 

4.96 

2.88 

2.73 

2. 66 
2.42 
6. 58 

1.48 
1.33 
1. 57 

4. 55 
2. 52 
6.31 

3. 76 
4.66 
3.04 

2.85 
2. 09 
1.69 

1.38 

2.32 

2.60 

3. 57 
1.27 
1.97 

7.04 

11.54 

11.03 

10. 57 

11.66 

4.38 

13.38 

11.46 

6. 63 

6.30 

6.81 

32. 80 

51.29 

39.26 

33.10 

46.72 

36.81 

48.63 

40.33 

35. 24  39.34 

31.  75 

. 

( a  Mean  of  Decembers  from  1826  to  1847.) 


7 <38  DEEP  WATERWAYS. 

Tahi.k  No.  112. — Recant  of  i>ncij>it<ttum  at  Utica  far  certain  tenter  year*,  as  indi¬ 
cated,  from  is:>;  In  lS’.hi ,  inclusi tv — Continued. 


Month. 

18*0. 

Itun.  1 

1841. 

1B42. 

1.84.1. 

1844. 

1845. 

1846. 

184 

4  . 

*86 
*  2 

1851. 

|  1852. 

I>eoomlH«r . 

a  0.  4J 

3  .  S8 

3. 09 

6.25 

2.07 

3. 51 

2. 61 

•> 

11* 

3. 25 

3.06 

5  22 

January . . . 

4  12 

1.75 

2.  mi 

2.  40 

2.  48 

II  08 

3  58 

60 

..... 

...... 

■ 

February  . . 

1  27 

6.20 

0. 7:. 

4  80 

1.06 

1  7H 

2  7.5 

•» 

m 

.. 

.  .... 

. 

4  36 

1  5*1 

March  . 

1  ■,:> 

as 

a  25 

4  M 

5.  62 

a  55 

a  an 

T 

.54 

... 

.. 

.  .... 

. 

. ..... 

3. 34 

1  11* 

ft  (HI 

4 

fi  60 

2  74 

11  or 

a  54 

11  on 

May . 

4.11 

8.  18 

2  37 

5.(11 

5.  .VI 

4  67 

3.80 

4 

72 

2  77 

1  8. 50 

Total 

12  nr 

2»l  04 

17. 10 

20  06 

21  27  15  38 

10.  61 

12 

76 

21.20 

:i.  ht 

a  or 

4  04 

5. 52 

8.  88 

4  na 

2 

06 

7  in 

2  65 

a  55 

3. 34 

2  85 

7.  35 

4  75 

2  8*1 

2  8.8 

4 

ICI 

7.96 

5. 02 

1.58 

4  17 

4  mi 

3. 67 

3. 12 

a.  1 1 

1  47 

2  53 

62.80 

Total 

fl  (HI 

11  48 

11  40 

16  54 

16.  75 

8. 52 

0  18 

III  42 

11.37 

1  158 

4  OH 

a  xi 

6  01 

2  17 

2  4ii 

4  07 

6.1*1 

1.82 

•J  1;, 

2  V, 

•»  a| 

a  m 

3  34 

4  711 

3  48 

•» 

.88 

s  as 

3. 67 

NovetnluT . 

6  41* 

1.55 

6.  m 

3  10 

3.  45 

1  76 

4  58 

3.  Ill 

. 

4 .00 

5.65 

Total 

10  :ti 

-  |S 

11  u> 

ia  in  1  h  06 

12  13 

12 

1*4 

11  14 

Yearly  total... 

ill  w* 

4«  60 

.ft)  (ID 

.’■it  mi 

46  1*8 

.32  76 

4*i  02 

45 

... 

4048 

. 

43  71 

Month. 

1853. 

1864. 

INI). 

18*11. 

1862. 

1863 

1.-64 

1881 

1NCV 

1683. 

1884. 

Dwoemner . 

4  Ml 

1  75 

1  :■* 

1  16 

2  54  2. 67 

52 

77 

8.72 

3 

d  ^0 

January  . 

c  2  40 

S.00 

2  in 

4  50 

6  16  . 

1  on 

2.  63 

1.85 

2.90 

FYbruarv  . . 

2  la 

2  44 

2  13 

2  43 

3.1*5 

_ •* 

67 

2  04 

a.ut 

4  84 

March 

3  Nl 

4  18 

2  41 

5.  :tl 

2  41  .... 

•1 

1*1 

4 

.78 

11  66 

4.03 

2  51 

3  13 

1.74 

1  33  . 

0.  mi 

1.30 

0.71 

1  31 

May  . 

3.83 

8. 54 

4  32 

4  26 

3. 53 

3.60 

5.12 

4.36 

4  145 

Total . 

19.64 

15  48 

10  42 

19.02 

13  71 

24.68 

13  80 

30.  44 

1  44 

1  74 

.1  51 

2  mi 

.50 

7  52 

5.:  58 

1.13 

c  8.  OH  . 

1  8  22 

4  57 

5.05  .... 

3.88 

3.  *52 

5. 10  , 

2.84 

Allifuat  .  . 

2  28 

| . 

3  4*1 

2  :t* 

1.77 

5  44  .  . 

1.86 

1.62 

1.21 

3.  :t8 

Total . . 

6.811  . 

12  28 

0  85  13  30  . 

7.08 

12.  76 

11.69 

7  35 

5.  51 

3  24 

4  4h 

2  1*4 

3.48  . 

d 

51 

1.22 

4  16 

2. 152 

October  . . 

2  81 

3  118 

6. 02 

5  67 

2  56  . 

6.67 

1.25 

3. 61 

4  2:5 

November . 

7  27 

5  52 

2  62 

5  13 

4  28  ... 

4 

2.28 

3. 85 1 

2. 8*5 

Total . 

15  54* 

12  44 

13  it* 

12  84 

10  32  .... 

13.40 

6.75 

11.66 

0  76 

Yearly  total  .. 

42  HI 

411  78 

42  11 

42.73  . 

35.  no 

44 

1.19 

37.24 

37  55 

a  White*  town  record.  r  Clinton  record. 

6  Mi'hii  of 

North  Volney . . . 2.00 

(  htweftu . . . 4  24 

Palermo . l.W 

SackettH  Harbor . 2  96 


4  11  IK 
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Table  No.  113. — Record  of  precipitation  at  Utica  for  certain  water  years,  as  indi¬ 
cated,  from  1826  to  1898,  inclusive — Continued. 


12 

Mean 

Month. 

1885. 

1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

years’ 

of  36 

mean. 

years. 

December . 

5. 06 

3.76 

1.72 

4.06 

3. 12 

3.31 

5.90 

6. 77 

1.98 

January  _ 

2.32 

2.42 

4. 65 

3. 35 

4.32 

6. 14 

4.18 

5.78 

1.92 

February _  _ 

2. 26 

1.33 

7. 04 

2.98 

4.04 

4.79 

5.a5 

3.37 

7.79 

March _ 

0. 76 

3.36 

2. 76 

4.62 

3. 25 

4.15 

3.77 

4. 65 

3.16 

April . 

1.92 

3.06 

2.49 

2. 87 

2.71 

3.56 

1.53 

2.14 

3.48 

May  _ _ 

4.26 

2. 63 

2.28 

4.09 

2. 49 

8. 69 

1.53 

7.00 

7.84 

Total . 

16. 58 

16. 56 

20. 94 

21.97 

19.93 

30. 64 

22.26 

29.71 

26. 17 

June  . . 

3.09 

3. 41 

2. 06 

4.55 

9.19 

6. 19 

2.60 

6.29 

2.35 

July _ 

6.37 

4.05 

1.56 

5. 49 

3.01 

3.79 

6.00 

5.32 

August _ _ 

7.04 

2.51 

3.68 

3. 85 

1.72 

4  37 

3.32 

7.95 

6. 57 

Total . 

16.81 

12.29 

9.  79 

9.96 

16.  40 

13.57 

9.71 

20.24 

14.24 

2.14 

5.98 

2. 50 

3. 62 

3.93 

8.25 

1.46 

3.72 

October  . 

7.95 

3.69 

1 . 96 

5.52 

3.91 

7.01 

3.64 

2.59 

November . 

4.99 

7. 10 

4.05 

4.90 

3.83 

3.77 

3. 30 

4.28 

. 

Total . 

15.08 

16. 77 

8.51 

14.04 

11.67 

19.03 

8.40 

10. 59 

. 

. 

. 

Yearly  total ... 

48. 47 

45.62 

39.24 

45.97 

48.00 

63.24 

40.37 

60.54 

. 

(45. 46) 

42.39 

Table  No.  113. — Record  of  precipitation  at  Waterford,  for  certain  reciter  years, 
as  indicated,  from  1857  to  1863,  inclusive. 


Month. 

1857. 

1858. 

December . 

3.79 

an nary . 

2.07 

February _ _ 

1.33 

March . . 

0.60 

April _ _ 

2. 95 

May . . . 

3. 65 

Total _ _ 

14.39 

June . . 

4.78 

2.  74 

July . . . 

4. 53 

6.62 

August . . . 

5. 19 

♦  3.40 

Total _ 

14. 50 

12.  76 

September . 

2. 93 

October . . 

4.85 

2.42 

November . 

1.40 

3. 10 

Total . 

9.18 

9.29 

Yearly  total.. 

36.44 

1859. 

1860. 

1861. 

1862. 

1863. 

Mean. 

2.58 
3. 22 
2. 01 
3.14 
3.81 

1.58 

3.78 

a  2. 30 
3. 15 
2. 27 
3. 80 
5. 67 
3.99 

1.47 

4.03 

2  22 
3!  54 
1.97 
1.07 

1.26 
4.64 
2.03 
3. 66 

5.48 

16.34 

21.18 

14.30 

4.24 

2.41 

2.66 

1.72 

5.33 

3.54 

7.70 
4. 00 
2. 98 

9.31 

10. 59 

14.68 

4.27 

0.76 

3.11 

2.79 

3.22 

2.37 

1  00 
3.08 
3. 05 

8. 14 

8.38 

7.13 

*3.  79 

40.15 

36.11 

36.62 

H.  Doc.  149 
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WATKKWAYS 


Tamlk  N«>.  114.  —  Tiecunl  of  jtredjntntion  at  Watertown  for  the  tenter  years  !SGS 

to  18U8 ,  hid  inti  re. 


Month. 

Ink.’. 

lHItii. 

1864. 

1865.  1  HI  ill 

1*17. 

1868. 

1860. 

1870. 

1871. 

1872. 

1873. 

1874. 

Doi-.niU‘r  . 

ul  .Mi 

3  21 

3.  Kl 

4  23  2. 65 

4  00 

o  02 

1  10 

2.41 

3.01 

.1  •>•» 

2.37 

1.71 

January  . 

• 

2  57 

2  4U 

2  r.4  2  24 

i  ai 

3  Si 

II  Ml 

it  07 

0.84 

I.  HI 

:t  at 

0. 15 

Febr  u  <rv  . 

2  :»i 

2  U2 

1  :ct 

0  68  2  04 

1  70 

0  77 

0.04 

2  25 

1  56 

1  15 

0.80 

2  1 1 

March . 

Jj 

88 

2  35 

2  at 

4  in  2  70 

II  IS 

1  52 

1.3ft 

2  II 

2  74 

2.  ill 

4.55 

2  Ci 

April. . 

] 

28 

2  15 

3  31 

3  71  2  10 

1  06 

0  04 

0  04 

II.  80 

2  .55 

11  86 

1.00 

1.05 

31  it J  •••••■  ■■•••••••• 

3  12 

5  02 

2  HO  3  17 

5  07 

3  47 

2  00 

1  12 

1  42 

2  36 

1.00 

0.82 

Total . . 

12.  HO 

HI  it* 

18.28 

17  02  15  50 

111  SI 

10.58 

1  US 

12  :»i 

12.  71 

0.07 

13.01 

15  10 

:»• 

.1  8ft 

II  78 

4.81  6.2ft 

n  :i 

1.70 

2  H» 

1.7:* 

1.86 

2.  88 

4  Hi 

2.34 

Jlllv 

8  37 

0  80 

2  H2  1  70 

•>  ].» 

1  Ki 

5  21 

1  56 

2  74 

2  05 

2  40 

4  37 

AugUMt . 

1  26 

8. OO 

5.14 

1.43  |  6  .52 

1  65 

1.  10 

0  66 

j.  46 

6  84 

3.33 

0. 841 

1.00 

Total . 

*•* 

in  32 

it  72 

8. 86  [14.66 

4.  IS 

4.85 

H.  88 

4  75 

11.14 

8.86 

7.  Si 

7. 71 

September . 

2  58 

2  00 

2  ;i 

3  27  1  H  8.1 

3  21 

3.11 

5  17 

4.42 

2.  iti 

2  74 

1.74 

2.57 

Octolier  . 

;i  in 

5  8.5 

4  20 

ii  15  3  mi 

1  Si 

2  Si 

1  55 

1.66 

1.  35 

4  70 

4  50 

4.  77 

November . 

1.85 

4.57 

ft  .  70 

3  21  7.:»i 

0  Ml 

5.51 

2  36 

1.36 

2  00 

2  74 

2. 58 

2. 30 

Total . 

7.  Hi 

13  41 

12  73 

12  03  17. 82 

.5  31 

in  '.'1 

|  0.08 

7.  :*4 

1  0  64 

U).  18 

8.82 

0.70 

Yearly  total  . 

31  il? 

411  u5 

3;  m 

80  41  F  07 

S  i  22 

Si  34 

Si  24 

24  4.5 

ill.  40 

28  41 

20.  Mi 

it*.  51 

Month. 

187ft. 

1870. 

1877. 

1878.  1870. 

18811 

1881. 

1882. 

1883, 

1884. 

1885. 

1.880. 

1887. 

Decemlwr . 

«  ae 

1  37 

2  HI 

1  37  6.05 

2. 46 

2.  811 

3.88 

2  78 

2  31 

4.50 

4.81 

3.  V) 

mi 

l  71 

'*  till 

!•  4*  i  :u 

•*  (U 

•>  :»i 

1 

1*  !»  .’• 

:r 

4  VI 

'J  1*0 

:> 

February  . 

l  :s 

8  85 

0  47 

1  441  1  21 

2  51 

2  52 

1.83 

3  28 

3  hi 

2  6ft 

2.25 

3.08 

March  . 

1  mi 

4  :»> 

2  02 

1  82  1  4« 

MC 

2  IV4 

2  43 

1.70 

2  iU 

1  47 

4  18 

1.51 

Ai'ril . 

1.31 

•*  JO 

1  mi 

176  048 

1.78 

0  40 

1  31 

1  :t7 

0  41 

il  .58 

3. 75 

1.08 

May . 

2  02 

I  42 

1  8.1 

1  03  1  li7 

2  07 

4  117 

4  13 

5.04 

2  OH 

1.77 

2  40 

1.08 

Total . 

11  82 

14.  77 

1154 

l'l  To  12  21 

14  Hi 

14.73 

15  25 

17  12 

14  15 

18.50 

31  41 

\ - - 

16  H4 

June . 

1  12 

1.01 

1  47 

1  l  i  1  M 

1  88 

2  M 

2  01 

•1  >M 

0.51 

;  70 

•»» 

1  52 

July..  . 

1  .-81 

2  Hi 

1  IV» 

4  mi  l  •> 

1  70 

I  m 

2  :s 

4  57 

il  40 

3.  34 

2  40 

1  50 

Autfllnt  . 

2  at 

ii  :*i 

•»  *r 

8. 87  1  80 

2  S> 

o.  oo 

3  40 

1  Oft 

4  is 

|  2  :« 

3.05 

1.06 

Total . 

4  117 

4.80 

5  38 

14  40  5  01 

5.78 

4. 37 

8.30 

8.74 

|  8  08 

0.  42 

7.  *rt 

4.16 

September  . 

2  4«i 

2  52 

2  30 

1  53  1  22 

2  71 

1  14 

2. :»» 

2.  70 

3  it* 

3.  48 

4.91 

2.  HI 

2.  41 

0  02 

4  15  li  52 

4  27 

2.31 

Il  6S 

2  78 

2  44 

4  15 

1  Si 

2  0l 

Novemlwr  . 

1  47 

1  22 

2  46 

3  84  t  pi 

2.  :»i 

2  04 

1.72 

1  84 

3  31 

3.50 

4.  :*4 

2  12 

Ti»tal . 

fl  87 

0  1ft 

0  52  6.  14 

o  37 

I  0.30 

4  144 

7  32 

8.77 

11  13 

10.48 

6.52 

Yearly  total 

2 

in" 

25  i* 

22  mi 

M  It2  SI  36 

20  18 

25.  40 

S*  28 

if  is” 

ill  Ml 

ifi*  oft 

iS  0.5 

SI.  72 

Mouth. 

1888.  18811,  Hm.  18»1 

1*442. 

1803 

1804. 

1805. 

1806. 

1MI7. 

181W. 

Mean. 

December  . 

2  83  :t  1*8  8.28  2.54 

4.20 

3.  40 

ft.  01 

2  53 

5  Hi 

1  .52 

4  71 

January .  . 

1  Vi  8  87  t  41  a  as 

6.01 

2  54 

3  M 

3  77 

2  It* 

2  .VI 

5.  05 

February  . 

1  84  2 

17  2.78  2  70 

2  44 

3. 08 

2  12 

1  4n 

0.  43 

2  IS 

2  Si 

March  . 

2  118  1 

52  2  04  4  14 

2.  iS 

3  14 

2  77 

1  7n 

4. 84 

4  Hi 

1  70 

April . 

1  17  1 

8)i  1  Kl  1.43 

1  28 

3  21 

1  HI 

2  40 

1  40 

;i  mi 

2  00 

May  . 

1.1 

1.  5 

40  5. 44  0. 02 

5.43 

0  24 

4  77 

8. 15 

2.  .Vi 

4  4it 

3  41 

. 

Total . 

m  82  i8.it;  m.  84i  is.  18  1 

21.04 

a;  30 

10  64 

14.05 

21  ill 

18.70 

10  01 

June . 

1.71  4 

up  2  75  l.iltl 

5  Hi 

2  00 

4  .50 

2  11 

3  05 

1  Ml 

1  00 

July  .  . 

1  85  4 

40  2  is  7.66 

5  07 

1  IS  | 

3.28 

3  04 

4  If 

ft  VI 

1.57 

Autruat  . 

4  IS  1 

72  4  81  1  4  is 

10.2ft 

7.  Htt 

0  00 

4.07 

3  44 

2.04 

4.50 

Total . 

;  64  1"  12  0  64  1  i  to 

SI  85 

12.  'ill 

8.  .53 

10. 72 

11  11 

0  50 

7.85 

. 

Sei)t#«inlM*r _ 

1.80  4 

m  7. 23  2.70 

3  04 

2.  Hi 

5  HI 

4  37 

4.24 

1  44 

4.05 

*  nit  3  iV4 

•J 

1  '.10 

0  72 

•>  45 

1  ;s 

0  SO 

4  %£t 

November . 

ft 

51  5.  im 

148  4.55 

5.  oo 

3  IS 

2  14 

4.82 

4  41 

4.87 

3. 13 

. 

Total . 

10.32  12.85  18  51  lll.W 

11 .04 

7.10 

13.  811 

II  .58 

10  43 

7.17 

11  40 

Yearly  total. 

78  4U  4U  43  04  :Bi  56 

Vi  33 

1)  Ml 

42  Hi 

17  25 

44.84 

ift.  56 

61  10 

33  58 

ii  Hutluiul  record. 
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Table  No.  115. — Record  of  precipitation  at  Waverly  for  the  water  years  1800  to 

1898,  inclusive. 


Month. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1890. 

1897. 

1898. 

Mean. 

December . 

a  2. 38 

4.34 

3.54 

0.70 

3.18 

2.56 

3.71 

1.01 

2. 70 

January . 

2.25 

3.23 

3. 99 

2.25 

2.39 

2. 56 

1.00 

1.72 

2. 65 

February  _ . 

2.18 

2.88 

j.  53 

2.  73 

2.64 

1.15 

4.07 

1.67 

1.70 

March  . . . 

3.  .33 

2. 84 

2  98 

2. 89 

1.35 

1.00 

3.40 

1 . 89 

2.43 

April  . . 

2. 65 

1.83 

0. 87 

3.39 

4.63 

1.83 

1.  18 

3. 10 

3.55 

May  . . . 

5.02 

0.59 

5.95 

7.54 

6.96 

2.89 

2.41 

3. 66 

3. 86 

. 

Total . 

18.41 

15.71 

18.80 

19. 50 

21. 15 

12.59 

16.43 

13. 05 

16.89 

June . . . 

4.78 

4.07 

4.70 

'  1.97 

1.92 

2.98 

2. 85 

3 

2.28 

July  . . . . 

3.07 

2.30 

3. 60 

2.19 

1 . 58 

5. 81 

4. 50 

2. 97 

August . 

5.82 

0.31 

4.11 

5.29 

2.55 

3. 67 

1.57 

3.21 

5.83 

. 

Total . 

13. 07 

12. 74 

12. 41 

10.81 

6.06 

8. 23 

10. 23 

10. 93 

1 1 . 08 

September . 

8.24 

2.36 

2  27 

5. 57 

5. 34 

1.63 

3.57 

3.42 

1.87 

October . . 

5.24 

4. 32 

7  35 

2.34 

5. 55 

0.  85 

4.  90 

0.79 

5. 85 

November . 

0.97 

2.07 

2.71 

1.01 

1.95 

1.80 

2.58 

3.69 

2.55 

Total . 

14.45 

8.75 

6.33 

9.52 

12. 84 

4.28 

11.05 

7.90 

10. 27 

Yearly  total... 

40. 53 

37.20 

37. 00 

39.83 

40.  65 

25. 10 

37.71 

31.88 

38.24 

37.19 

Table  No.  116. — Record  of  precipitation  at  Wedgewood  for  the  water  years  1889 

to  1898,  inclusive. 


Month. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

December . 

a  1 . 24 

2.40 

3.84 

3.85 

0.71 

1.71 

3. 15 

3.51 

1.42 

1.93 

January . . . 

3. 53 

2.67 

2.48 

3. 50 

2.23 

3.10 

2. 30 

1.72 

1. 85 

2.73 

February . 

2.28 

2.52 

3.88 

2.50 

2. 49 

3.09 

0.85 

5.02 

0. 87 

1.88 

March . 

1.14 

4.09 

3.11 

3. 81 

2.93 

1.00 

1.00 

3.41 

2.54 

2.62 

April . 

3.02 

2.  74 

2.46 

1.08 

3. 55 

6. 67 

1.55 

2.52 

2.72 

2. 91 

May . 

3.17 

7.04 

0. 89 

5. 17 

5.37 

8.01 

2.71 

2.98 

3. 72 

3.40 

Total . 

14.38 

21.46 

16. 66 

19.91 

17.28 

23.58 

11.56 

19. 18 

13. 12 

15. 47 

June . 

6.70 

3.52 

2. 43’ 

5.51 

2.59 

3.98 

6.23 

2.  74 

2.72 

July _ _ _ 

7.16 

1.02 

2.45 

7.24 

2.49 

2.31 

5. 02 

3.43 

3. 48 

August . 

4.73 

5.48 

4.58 

4.02 

5. 61 

1.41 

8.27 

1.54 

3.04 

4.63 

Total . . 

18.59 

10. 02 

9.46 

15. 61 

14.67 

6.  49 

14.56 

12.79 

9.21 

10.83 

September . 

2.34 

8.53 

0.66 

0. 75 

2. 83J 

5.91 

1.32 

5.02 

2.66 

1.86 

October . . 

3. 31 

5. 45 

4.  19 

2.20 

2. 57 

4.22 

1.02 

4.42 

0.74 

5. 95 

November . . 

4.88 

1.58 

1.77 

3.25 

1.60 

1.86 

3.37 

2.03 

3.20 

2.  73 

. 

Total. . 

10. 53 

15. 56 

6.  62 

6.20 

7.00 

11.99 

5.71 

11.47 

6.60 

10.54 

Yearly  total ... 

43.50 

47. 04 

32.  74~ 

41.72 

38.95 

42. 06 

81.88 

43.44 

28.93 

36.84 

38.70 

a  Geneva  record. 
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T a m.r.  Xu,  1 1 T. — Rcconl  of  previ jutation  at  W'hiteshoro  for  the  tratcr  years  IS.14  to 

1*10,  inclusive. 


Month. 

1KU. 

1MK. 

1H.H1. 

1837. 

1838. 

1890. 

184(».  Mean. 

Dooember . 

11  2  ill 

1.  Tit 

2.33 

1  mi 

1.20 

(J.  43 

11  JW 

January . 

2.  40 

ITT 

lu  31 

1.73 

-ML* 

11.  r.i 

ii  21  . 

February . . 

l.:il 

I.3T 

2  i'T 

-Mm 

II.  83 

(1.38 

1.181  . 

March  . 

2  -11 

1.® 

0.  Hi 

11. 7il 

1.55 

(l.  48 

2.  til  . 

April . 

2  .’ill 

ate 

2  40 

0.64 

1.08 

1.441 

4.21  . 

May . 

2.  a 

(MW 

5.  la 

(1.  HH 

3.  411 

3  90 

2. 54  . 

Total . 

13.  an 

10.  a 

23.07 

7  61 

111  Its 

7.45 

12.  W  | . 

June . 

2  t»2 

t  41 

4.  To 

05 

1.21 

3.  HI 

3.00  . 

July . 

a  35 

1 

11  mi 

3  Hi 

2  HI 

3  !«i 

T  UI  . 

Autruxt . . 

1. 42 

2.66 

1.IH 

2.  I* 

3.  ill 

•»  •»- 

7.60  . 

Total . 

T.i»' 

(MW 

6.  47 

8.  HI 

7  47 

1(1.  (16 

1-  :•(  . 

September . 

1.33 

(I.K4 

1  31 

1  13 

2.71 

1.64 

0. 05  . . . 

OctuinT  . 

8  cm 

2 

•j  mi 

8  02 

4.21 

0. 7o 

ll.  45  . 

November . 

1.42 

1  K1 

1.44 

2  4.1 

2  14 

2.41 

3.01  . 

Total . 

5.  HI 

H  :i 

;  16 

0  <« 

1 

15.61  . 

Yearly  total. 

a.  90 

24.  46 

38.68 

23  62 

31  ill 

22.31 

47. 44  20. 01 

11 1' tirn  roo< irtl. 


Tabi.K  N".  118. — Rtcortl  of  precipitation  at  U’illiamstotm.  Mass.,  far  certain 
tenter  years,  as  iiulicateit,  from  /&•*-  to  ISOS,  inclusive. 
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Table  No.  118. — Record  of  precipitation  at  Williamstown,  Mass.,  for  certain 
water  years,  as  indicated,  from  1852  to  1898 ,  inclusive — Continued. 


Month. 

1878. 

1879. 

1880. 

1881. 

1882. 

1883. 

1884. 

1885. 

1886. 

1887. 

1888. 

December . 

3.70 

2.59 

2.39 

5.04 

0.96 

3.72 

3.43 

4.04 

4  30 

January  . . 

2.00 

3.39 

1.88 

2.23 

«  0. 98 

1.75 

6.63 

3.92 

6.29 

2.20 

February . . . 

1.86 

2. 00 

6. 19 

63.31 

2.64 

2.61 

4.50 

2  18 

March . . 

2. 37 

1.46 

2.33 

2. 35 

0.87 

3.89 

0.96 

5.  ill 

5. 15 

7.89 

April. . . 

3.04 

4. 77 

61.34 

1.72 

1.98 

1.83 

3. 18 

3.23 

2. 80 

May . . 

2.58 

3.  S3 

4.26 

3.81 

2.51 

2.00 

4.77 

1.31 

3.64 

Total . 

. 

. 

17.39 

17. 66 

18.91 

11.24 

. 

20. 05 

21.30 

24.52 

23.01 

June . . - 

1 . 55 

2.08 

3.85 

3.19 

1. 65 

1.48 

2.72 

4.33 

3.90 

July . . . . 

4.36 

5.16 

2.42 

4.59 

2.87 

4.20 

10. 82 

1.23 

August  - . . 

3.25 

3.93 

3.59 

1. 02 

3.26 

2.92 

6. 66 

1.56 

7.03 

4.48 

9.50 

8.26 

9.53 

10. 70 

11.01 

8  48 

22. 18 

9. 61 

September. . 

1.62 

4.62 

3.09 

~  2.26 

7.04 

2.64 

0.58 

1.65 

4.3l” 

~1W 

4.21 

October . . . . 

3.06 

0.93 

2.46 

2.28 

0.32 

3.32 

2.98 

3.12 

2. 60 

1.13 

5.06 

N  ovember . 

4.29 

3.43 

1.51 

3.33 

1.18 

1. 65 

2. 92 

3.97 

5.80 

3.77 

4.12 

Total . 

8.97 

8.98 

7.06 

7.87 

8.54 

7.61 

6.48 

8.74 

12. 71 

7.20 

13.39 

Yearly  total ... 

. 

. 

33~  95 

S3. 79 

36. 98 

29. 55 

. 

39. 80 

42.49 

53.90 

lOI 

Month. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

December . . . 

3.38 

3.30 

3.59 

5. 45 

5.94 

1. 75 

3.11 

1.46 

4. 61 

January . . 

c2. 96 

3.41 

2.68 

2. 72 

2. 54 

1.87 

0.71 

2.62 

5  25 

February . 

1.22 

3.92 

_ _ 

1.13 

3.  72 

2  29 

1.70 

2.29 

1.37 

2.15 

March . 

1.10 

4.06 

1  75 

1  39 

1  13 

2.lo 

3.60 

2. 93 

2.47 

April . 

2.31 

1.46 

0.40 

2.43 

1  82 

3. 90 

0.  77 

3.50 

3. 60 

May . . . . 

1.78 

5. 43 

2. 75 

3. 16 

2. 10 

*>  DO 

4.21 

4.10 

Total _ _ _ 

12. 75 

20.83 

. 

14. 98 

18.47 

16. 88 

13.  42 

12.  70 

16. 09 

22.18 

. 

June . 

5.08 

1.72 

2. 07 

2.08 

2.99 

3.62 

2. 55 

6. 61 

3. 01 

July 

5.81 

5.43 

4.22 

1.46 

3. 39 

2.37 

2. 65 

9.74 

1.48 

August . 

2.94 

. 

4.48 

4.58 

5.84 

1.46 

3.25 

3.06 

3.40 

8.51 

. 

Total . 

13.83 

. 

10.87 

9.38 

7. 84 

9.24 

8.26 

19. 75 

13. 00 

September .  . 

2.39 

0.74 

1.68 

4.46 

4. 58 

2. 22 

4.82 

2.12 

3.22 

October . . 

2. 95 

1.80 

1. 57 

2. 26 

4.91 

3.74 

2.94 

0.86 

6. 99 

November . 

4. 20 

. 

1.80 

2.99 

1.22 

d  0. 85 

4.12 

2.94 

6. 46 

3.25 

Total . 

9.54 

. 

4.34 

6.24 

7. 94 

10.34 

10. 08 

10. 70 

9.44 

13.46 

. 

Yearly  total  . . . 

36.12 

. 

. 

32. 09 

35. 79 

35.06 

32. 74 

31. 66 

45. 28 

48. 64 

39.41 

a  Incomplete.  b  Troy,  N.  Y.,  record.  c  Rowe,  Mass.,  record.  d  Williams  College  record. 


Table  No.  119. — Statistics  of  meteorological  stations  in  the  State  of  New  York  of 
which  precipitation  records  hai'e  been  compiled  on  rainfall  map  of  State. 


Place. 

County. 

Eleva¬ 

tion. 

Num¬ 
ber  of 
years. 

Mean. 

Years. 

F  rom — 

To— 

Adams . . 

Jefferson . 

670 

9 

40.64 

1872 

1898 

Addison . . . 

Steuben . 

1,000 

8 

32.60 

1891 

1898 

Angelica . . . 

Allegany  . 

1.340 

10 

40. 88 

1889 

1898 

Albany . . . . 

Albany _ _ 

85 

73 

39. 38 

1826 

1898 

Alfred . 

Allegany..  . 

1,824 

9 

38.83 

1890 

1898 

Arcade . 

Wyoming . 

1,570 

8 

41.94 

1891 

1898 

Auburn . . . . 

Cayuga  . 

650 

28 

35. 44 

1827 

1898 

Avon  .  . . . 

Livingston _ _ _ 

585 

5 

29. 67 

1891 

1898 

Baldwin  sville . 

Onondaga  . . . 

390 

8 

39. 54 

1890 

1898 

Belleville  . 

Jefferson . 

300 

9 

29.76 

1830 

1845 

Binghamton . 

Broome  _ _ _ _ 

270 

8 

36. 98 

1890 

1898 

Bolivar  . 

Allegany . . 

1,800 

rr 

38.92 

1891 

1898 

Bridgewater . . 

Oneida . . 

1,183 

4 

44.68 

1833 

1838 

Brookfield 

Madison _ _ 

1.350 

8 

41.30 

18110 

1898 

Burlington,  Vt  . . . 

220 

14 

32.77 

1885 

1898 

Cambridge . 

Washington . 

500 

13 

40. 17 

1827 

1839 

Canandaigua . 

Ontario . 

790 

10 

36. 97 

1839 

1839 

St.  Lawrence . 

304 

8 

40.49 

1889 

1898 

Madison . 

1,176 

19 

38.  76 

1830 

1850 

Otsego . . 

1,335 

14 

41. 10 

1827 

1854 

Clinton .  ” . 

Oneida . 

900 

13 

42.68 

1851 

1865 

774 
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Taulk  No.  119. — Statistics  of  in etearolayica l  stations  in  the  State  of  Xew  York  of 
which  precipitation  recants  Inter  been  ctnnpilett  on  rainfall  map  of  State — ( 'ont'il. 


Place. 

County. 

Eleva- 

Num 

Of 

years. 

Mean. 

Years. 

tion. 

From— 

To- 

Lewio . . 

1.246 

4 

66.  :ts 

lssO 

1803 

I  )t*ego  . 

1.2:14 

4.1 

30.07 

ls.14 

lsjts 

Cortland . . . 

Cortland  ..... _ 

1. 131 

10 

42  70 

1860 

1808 

Dekalb  Junction . 

St  Lawrence . 

440 

8 

37  07 

1  HOI  1 

1808 

1  Iswego . 

H 

80  13 

ism ) 

1807 

JiVl 

10 

41  77 

1*1  Wi 

j.Ol 

Elmira  .  . . 

Chemung . 

sict 

17 

34  79 

1H50 

1808 

Fairfield  . 

Herkimer . 

1  1H6 

17 

3H  74 

1S2S 

1840 

Firming  . - . 

Caynga  . 

1.11(1 

o 

it.'  35 

ISIXi 

1*08 

Friendship . 

Allegany . 

1,660 

5 

37  On 

1S03 

1807 

i  Ontario  . . 

4/10 

35 

;«i  so 

IkVI 

lsod 

Olonn  Pal  Jr  . . 

W  a  r  re  ii . 

:(to 

3) 

37  7H 

1s70 

1808 

QliiversvOlo  . 

Fulton . 

Hill 

6 

4*>  1(1 

1M02 

1808 

(louvcriiAur.  . . 

tm 

27 

:sn  .vi 

is:  id 

187.1 

<  iranville . 

Washington  . 

4<m 

14 

a  i 

1885 

1840 

M  lid  1  HO tl .  . . 

1  1ST 

is 

34  (t* 

1S27 

l.sVI 

1  wo 

14 

:rr  40 

lH^li 

1H5| 

Heml<"'k  l-nl.e  . 

Livingston  . 

‘.All 

20 

27  VI 

1M7H 

1*0.1 

Hmiaevlilo  .  .  . 

Lewis  . 

!««l 

4 

4.1  ds 

1865 

1871 

Hudson 

Columbia . 

1.10 

1W 

ds  41 

1s27 

IsVl 

llumphn  ; . 

Cattaraugus  . 

l.UV) 

10 

4H  00 

1HS0 

IsOH 

It  linen . . 

Toin|ikiiiH . 

Hgl 

25 

31  07 

1828 

1 808 

.InhfiMtmvn  .  _  _ 

Fnl t«>n  _  _  _ 

14 

80  00 

1 838 

1  s4.1 

1  <>() 

1H 

‘15  !tl 

1*70 

1M*K 

Klnderhook  . 

Columbia . 

H1H 

17 

:•*!  44 

irc*> 

1*47 

Kings  Station  . 

Saratoga  . 

*VW 

H 

4.1  24 

1801 

IsOH 

Kingston . 

Ulster  . 

1  ss 

it* 

:I7  42 

lieu 

IsVI 

Ledvanl  . . 

Cayuga  . . . . 

447 

« 

31  21 

1S27 

1851 

Len  »v . . 

(leneaee . 

MKH 

.i 

4.1  25 

1801 

1805 

Liberty . 

Sullivan . 

1 .  .Vi  a  i 

it 

47  i*s 

18VI 

1863 

Little  < lelitnw . 

Allegany  . 

s 

3H.  30 

1866 

1874 

Lowvhio . 

Lewis  . . 

38 

31  ot 

ls27 

1 S08 

Lvons  . 

Wayne  . 

oc 

Hi 

:«  40 

1KS0 

1*08 

Mnlotic  . 

Franklin  . 

sin 

H 

37  22 

1KBI 

1806 

Mexico . 

:I7.'i 

so 

d)>  lis 

1837 

ls62 

Middleburg  . . 

Schoharie . 

•no 

5 

40  85 

1848 

1  so2 

Minavllle  . . 

Montgomery  .  _ 

Hill 

3 

42  04 

|S*IS 

1S71 

Mltinewaska . 

Ulster  . 

l.slll 

H 

40  31 

1801 

isos 

Mount  Morris  . .  - 

Livingston . 

om 

S 

27  44 

lsmi 

Isos 

Newark  Valley .  .  . 

Tioga  . 

X 

:(•  20 

1801 

Isos 

1  SM 

* 

80  58 

lsld 

Isos 

North  Haiuinond  .  . 

St.  l.awrence . 

auo 

1H 

37  88 

lsHH 

1st* 

North  Volney . 

»  Is Wego . 

3VI 

13 

36  15 

ls72 

1*86 

N uiultcr  Fi 'Ur . 

I.OW  1M 

1  171 

in 

61  17 

lsso 

Isos 

( ineida .  . 

All) 

11 

•  ■I  H  . 

lsiC) 

1  'Is 

*  ’hnndaga  Hollow  . 

|  axi 

lrt 

3|  55 

ls3i 

184.1 

On  wego . . 

Oswego  . 

:»•! 

4H 

:r>  h.1 

1844 

1808 

(  ixf<>rd  .  . 

Chenango . 

1,‘J.lo 

:t* 

:to  so 

1820 

18US 

Pnleripo  . 

t  IsWego . . 

4«Xi 

4.1 

37  01 

1854 

1808 

Pen  tail  . . . 

744) 

:tsi 

27  HI 

ls3* 

1-SI7 

perry  t'lty . 

Schuyler  . 

1 ,  ids 

10 

4o  id 

lsso 

1800 

Phteiiix  ’  . . . . 

t  Is  Wego  . 

H 

ds  ds 

1  sO-2 

1 000 

Pierpout  Manor . 

Jefferson . 

HI  7 

•W 

3H  12 

lsjll 

1871 

l’luttaburg . 

( 'lint on 

l.v, 

21 

di  56 

1843 

ISOM 

Potnpey  .7 . . . 

1  :««i 

21 

32  d7 

1827 

1 H58 

Port't  Mitnrio . 

<  iswego . 

:»n 

12 

81  i: 

1844 

1874 

PotHilntn . . 

St.  Lawrence 

an 

L".) 

31  S3 

ls2s 

180S 

Poughkoepaie . 

Dutchess . 

lsll 

23 

! 

pern 

Isos 

Prat  tabu  rg .  . 

Steiilien 

1  41*4 

U 

as  7i 

ls20 

1040 

lbs- heater  . . . . . 

575 

04 

31  1,1 

lKd 

Isos 

Rome. . .  . 

( ineida . 

44V 

H 

47  50 

lsso 

isos 

711* 

• 

tffi  24 

jhlll 

|  s'  IS 

Komlout  . 

Ulster  . . 

5 

40  irj 

1880 

is04 

Rutland  .  . . 

'.INI 

111 

dll  .14 

184H 

1861 

Sacketts  Harln.r . 

2ihl 

42 

:a  vi 

1841 

cos 

Salem .  .  .  .  . 

r.«n 

3.*  117 

18411 

IMS 

Saranac  Lake . .  . 

F rank lin  . 

1  600 

n 

87  01 

lsso 

18118 

Skaneateles . . . 

Wfcf 

4 

:ts  ;k 

1804 

Isiy 

South  ( 'anUteo . 

Steal. en 

1  4SO 

0 

43  St 

lsso 

18US 

South  Hartford  . 

51  Mi 

13 

in  65 

1  Slid 

1870 

South  Kortriifht . 

I  >»*la  ware 

1  TOO 

Hi 

:r*  3s 

IsHO 

1800 

South  Trenton . 

KIT, 

12 

,13.  ss 

l*f£l 

1  '7H 

Theresa  .  . . . 

:mv* 

3 

ds  14 

lsH3 

1868 

Turin . . . 

Lewi* .  . 

1.3X1 

H 

VI  (ll 

1880 

1 606 

Utica . . 

1  Itieida  . 

473 

;k) 

42  30 

1 826 

i  sod 

Waterford  . .  . 

50 

4 

an  63 

ls.17 

1863 

Watertown . 

44M 1 

37 

31  50 

lsii2 

IS!  IS 

Waverly . 

Tioga . 

824 

|i 

37  10 

lsmi 

IsOH 

Wedgewood  . . 

Sehuvler  . 

1  350 

10 

ds  70 

1880 

IsOH 

Wliitestown  ..  . 

i  ineida  . 

20  01 

1834 

1841 

Willianihtown,  Mass . 

Berkshire . . 

700 

dl 

80  il 

185.2 

isos 

Wyoming  . 

Wyoming . 

mill 

80  Hi 

1831 

1848 
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Table  No.  120. — Flow  of  the  Hudson  River  at  M eeh anicville. 

[In  inches  on  the  catchment  area.] 


Month. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

December . 

2. 06 

2. 57 

3.39 

0.83 

2  27 

1.03 

January  . . 

1.62 

2.81 

2. 89 

2.12 

4. 83 

0.82 

February . . . 

0.89 

0. 88 

1.83 

2.  70 

•>  »>> 

1.09 

March . 

1.75 

2  12 

2.85 

4. 55 

2. 80 

2.11 

April . 

5. 26 

3. 39 

3.73 

4.97 

5.35 

4.44 

May  . . 

5. 49 

2. 27 

4.59 

1.42 

5.03 

5.71 

Total . . 

17. 06 

14.04 

19. 28 

16. 59 

22.50 

15.20 

June . 

1  22 

1.70 

1.68 

0.79 

3.08 

1.19 

July . . 

0. 39 

1.47 

0. 50 

0.60 

2. 38 

0.  65 

August .  . 

0.44 

1.09 

0. 52 

0. 68 

1.41. 

1.28 

Total . 

2.05 

4.26 

2.85 

2.07 

6.  87 

3. 12 

September . 

T)7Tl 

0. 49 

2.19 

0  51 

i7To 

1  70 

October  - . 

1.  1,8 

0. 96 

2. 36 

0.38 

0.72 

0. 99 

November . 

2. 64 

1.96 

2. 26 

1.01 

1.89 

0.90 

Total . 

4.53 

3.41 

6.81 

1.90 

3. 71 

3.59 

Yearly  total . 

23.64 

21.71 

28.94 

20. 56 

33.08 

21.91 

Month. 

1894. 

1895. 

1896. 

1897. 

1898. 

1899. 

December . 

1.85 

1.12 

2  79 

1.77 

3. 67 

1.38 

January . 

1.73 

0.99 

1.74 

1.03 

1.97 

1.70 

February . . . . . . 

1.12 

0.82 

1.12 

0.90 

1.56 

1.22 

31  arch . . . 

3.  78 

1.08 

3.49 

3. 13 

5. 18 

8.46 

April . . . 

2.  76 

5.91 

6.20 

4.73 

3. 40 

5. 87 

3Iay . 

1.94 

].; . 

1.  18 

3. 04 

2. 83 

2.  .50 

Total . . . 

13. 18 

11.68 

16.52 

14.60 

18. 61 

15.13 

June . . . . . 

0.70 

1.  18 

2. 94 

1.30 

July  _ _ _ _ _ _ 

0.81 

0.66 

0.72 

2  74 

0. 64 

August . . . 

0.  It! 

1.00 

0. 63 

2.11 

1.30 

Total . . . . . 

3.20 

2.36 

2.53 

7.79 

3. 24 

September . 

0.47 

0. 65 

0. 68 

0. 96 

October  . - . 

0.94 

0.69 

1.05 

0. 65 

2.02 

November . 

1.58 

2.08 

2.82 

2.47 

2. 29 

. 

Total  . - . . . 

2.99 

3.42 

4.58 

3. 80 

5.27 

Yearly  total . . . . . 

19. 37 

17.46 

23. 63 

26. 19 

27. 12 
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TaBI.E  No.  121. — Precipitation  on  the  northern  plateau  for  the  tenter  {/ears  1897 

and  1898. 

IN  COMPARISON  WITH  THE  RUN-OFF  OF  THE  HUDSON  RIVER. 


[In  inches  on  the  catchment  area.] 


Month. 

1HB7. 

ldfld. 

Pre.-ipi- 

tatioti. 

Run-off. 

Evapora¬ 

tion. 

Preoipi- 
tat  ion. 

Run-off. 

Evapora¬ 

tion. 

1  'l 

1.77 

4.  .Vi 

3. 60 

.January  . 

2  Ki 

1  <ct 

ft.  45 

l.pd 

1.99 

0  BO 

3.  2B 

1.86 

4  dd 

3. 13 

l.HB 

ft.  Id 

April  .  . 

3.  72 

4.73 

3  2d 

3.40 

May 

4  41 

3.04 

4.09 

3  57 

Total . 

IB.  77 

14  *10 

5  17 

22. 30 

IB.  37 

3.22 

JutH*  . . . 

4  B7 

2  Bt 

3.  7d 

1.04 

July  . 

7  :u 

2  74 

3.  2d 

O.rt0 

3.  47 

2. 1 1 

(1  4d 

1.31 

Total . 

15.  wi 

7  79 

d.  01 

13. 52 

3.01 

10  51 

2.2ft 

0  dd 

8.«7 

0  Bd 

1  7'» 

0  lift 

4.  -*9 

2.06 

ti  w 

2.  47 

3  «3 

2. 20 

Total . 

HUM 

3.  dll 

7.14 

12.  IB 

ft.  27 

«  92 

Yearly  total . 

4d  M 

2d  IB 

20.  :t* 

4d  :w 

27.  it'i 

30.66 

IN  COMPARISON  WITH 

THE  RUN-OFF  OF  THE  BLACK  RIVER. 

December . 

1  *4 

ii  1 . 77 

4  Vi 

3.22 

January  . . . 

2  Ki 

•i  i  in  _ 

ft.  45 

2.  :id 

February . . 

1  BB 

.1(1  BO 

3.20 

O  .»> 

March  . . . 

4  s* 

4  ftd 

1  dB 

ll  7d 

A  pril . 

3.  72 

5.  Ki 

3. 2d 

3.1© 

May  . 

4  41 

ft  US 

4  .1© 

2  2d 

Total . 

IB  77 

IB  2B 

0  4.H 

22. 59 

IB.  B7 

2  62 

June  . . . 

4  1*7 

1  Xi 

3  7d 

1  13 

July  . 

7  3# 

0  73 

a.ai 

0  dd 

August . . . 

:<  47 

1.4M 

6.  4*1 

1.07 

Total . 

13.00 

4  (KI 

11  77 

13.  52 

3.  (M 

10.46 

September . . . . . 

(III  (1M 

3.  *17 

1  ill 

October  . . . 

1.70 

0  (12 

4  sB 

•  » 

November . . . 

6  (IB 

2  54 

8.  (Ki 

2  lid 

Total . 

lo.  m 

3  S4 

7.10 

12. 19 

ft.  dd 

6.31 

Yearly  total . 

4*1  51 

27  Id 

19.35 

4d.30 

2d.  91 

19. 30 

<i  These  data  absent  from  the  Black  River  record.  The  Hudson  River  run-off  used. 
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Table  No.  122. — Showing  comparative  run-offs  of  Black  and  Hudson  rivers. 
[In  inches  on  their  respective  catchment  areas.] 


1897. 

1898. 

1899. 

Month. 

Black. 

Hudson. 

Black. 

Hudson. 

Black. 

Hudson. 

(1) 

(2) 

(3) 

(4) 

(51 

(6) 

(71 

December .  . . . 

1.77 

3.17 

3.67 

1.38 

Januarv . . . . . . . 

1.03 

2.:i5 

1.97 

a  2  88 

1.70 

February . .  . 

0.90 

2.24 

1.56 

a  1  31 

1  22 

March . . . . 

4.07 

3. 13 

6. 63 

5.18 

a3. 12 

2.  46 

April . . . 

5.44 

4.73 

3. 20 

3. 40 

a  8. 37 

5. 87 

May . 

4.97 

3.04 

*>  25 

2. 83 

a  3. 57 

2. 50 

Total . . 

14.48 

14. 60 

19.84 

18.61 

a  20. 93 

15. 13 

June . . . 

1. 74 

2.94 

i.Yf 

1.30 

Julv _ _ _ _ _ _ 

0.74 

2. 74 

0. 87 

0.  64 

August . . . . . . 

1.44 

2.11 

1.07 

1.30 

Total  . . •. _ 

3.92 

7. 79 

3.09 

3.24 

September . 

60.68 

0.68 

1.02 

0. 90 

October  . 

0. 65 

0.65 

2. 16 

2.02 

November . . 

2.56 

2. 47 

2.69 

O  OQ 

Total . . . 

3.89 

3. 89 

5.87 

5.27 

Yearly  total . . . 

26. 19 

28.80 

27.12 

a  Computed  for  these  months  from  Cornell  University  experiments. 

6  No  Black  River  record  for  this  month.  Assumed  the  same  as  Hudson  River. 


Table  No.  123. — Showing  difference  or  excess  of  m 

Hudson  rivers. 


thly  run-off  of  Black  and 


[In  inches  on  the  catchment  areas.] 


Month. 

(1) 

1897. 

1898. 

1893. 

Black. 

(2) 

Hudson. 

(31 

Black. 

(41 

Hudson. 

(51 

Black. 

(6) 

Hudson. 

(7) 

December . . . . . . 

0.50 

«0.29 
a  1.18 
a  0.10 
aO.  66 
a  2.50 
a  1.07 

. 

January _ _ _ 

0.38 
0. 68 
1.45 

February . . . . . . 

March . . . 

60.94 

0.71 

1.93 

April . . . 

0.20 

0.58 

May . . . . . . . 

Total . 

2.51 

1.28 

a  5. 80 

June  . . . 

1.20 
2. 00 
0.67 

0. 15 

July _ _ 

0.23 

August _ _ _ _ _ 

0.23 

Total _ _ _ _ _ ...... . . 

3.87 

0.23 

0.38 

September . . - . . . 

0.06 

0.14 

0.40 

October . . . . . . . 

November.  . . . . . 

„  0.09 

Total . 

0.09 

0.60 

* 

Yearly  total . 

3.34 

1.66 

. 

aComputed  for  months  of  December,  1898,  to  May,  1899,  inclusive,  from  Cornell  University 
experiment, 

6  Black  River  record  began  this  month. 


On  the  Meteorology  of  New  York  and  the  Relation  of 

Precipitation  to  Run-off. 

At  the  beginning  of  the  chapter  on  Run-off  Data  of  Streams  in  State 
of  New  York  it  is  remarked  that  the  proper  data  for  discussing  water- 
supply  questions  broadly  should  lie  derived  from  gaugings  rather  than 
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from  precipitation  records.  Indeed,  so  far  as  climatic  conditions  of 
the  eastern  United  States  are  concerned,  the  author  is  disposed  to 
take  the  ground  that  rainfall  data  alone  are  inadequate  t<»  the  making 
of  safe  estimates  of  yields  of  streams.  When,  however,  we  have,  in 
addition  to  rainfall  data,  records  of  actual  run-offs  determined  by 
gaugings,  t he  t  wo  combined  may  be  made  the  basis  of  estimates  which 
have  substantially  the  precision  of  mathematical  demonstrations. 
The  chief  object  of  tin*  present  chapter  is  to  show  the  relation  between 
precipitation  and  run-off  for  New  York  streams,  as  well  as  to  demon¬ 
strate  tin*  reasonableness  of  providing  ample  leeway  in  the  main 
storage  reservoir  on  Black  Kiver. 

In  Tabic  No.  110  we  have  the  statistics  of  the  several  meteorological 
Stations  in  the  State  of  New  York  of  which  the  precipitation  records 
have  been  compiled  on  plate  os,  showing  the  mean  rainfall  at  points  in 
and  adjacent  to  catchment  areas  tributary  to  the  proposed  deep  water¬ 
ways.  In  addition  to  data  compiled  on  plate  OS,  Table  No.  110  shows 
the  years  from  and  to  which  tin*  several  records  have  been  kept,  and 
which  data  could  not  well  be  included  on  plate  OS. 

In  'fables  Nos.  2<>  to  1  is,  inclusive,  we  have  the  precipitation  data  of 
tin*  several  stations  shown  by  plate  OS  and  by  Table  No.  110  in  detail. 
These  data  are  all  tabulated  with  reference  to  a  water  year  divided 
into  storage,  growing,  and  replenishing  periods,  the  storage  period 
including  the  months  from  December  to  May,  inclusive;  tin*  growing 
period  June  to  August,  inclusive,  ami  the  replenishing  period  Sep¬ 
tember  to  No\eml>er,  inclusive,  'fin*  Deecmlier  of  the  storage  period 
is  the  December  of  the  preceding  year.  Thus  for  the  water  year  1S72 
the  month  of  December  is  that  of  1871. 

In  Table  No.  120  we  have  the  flow  of  the  Hudson  Kiver  at  Mechanio- 
vilh*  in  inches  on  the  catchment  areas  for  the  water  years  isss  to  the 
end  of  the  storage  period,  1  si*‘»,  inclusive,  tabulated  with  reference  to 
similar  storage,  growing,  and  replenishing  periods  as  those  in  the 
precipitation  Tables  Nos.  20  to  11s1,  inclusive.  For  reasons  given  iu 
the  chapter  on  Run-off  Data  of  Streams  in  State  of  New  York,  these 
figures  may  be  taken  a^  substantially  applying  to  Black  Kiver. 

In  Table  No.  121  we  have  given  the  precipitation  in  inches  on  the 
Northern  Plateau  in  comparison  with  the  run-off  of  Hudson  Kiver  in 
inches  on  the  catchment  area  for  the  years  ls'.U  and  ls'.is.  Table  No. 
11  of  the  author’s  second  report  on  Hudson  Kiver  storage,  to  be 
found  in  the  Annual  Report  of  the  State  Engineer  and  Surveyor  of 
the  State  of  New  York  for  1*9(5,  presents  these  same  data  from  1S91 
to  1  s'.Mi,  inclusive,  the  two  tables  giving  these  data  from  1891  to  1*98, 
inclusive.  'Fable  No.  121  gives  for  Black  River  the  same  data  as  for 
Hudson  River. 

In  discussing  questions  relating  to  precipitation  in  the  Upper  Hud¬ 
son  catchment  area  it  has  been  the  author’s  custom  to  take,  as  best 
applying  to  tin*  entire  basin,  tin*  precipitation  of  the  Northern  Pla- 
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teau  as  used  by  the  State  meteorological  bureau,  the  stations  included 
therein  being  Elizabethtown,  Keene  Valley,  Lake  Placid,  Saranac 
Lake,  Gloversville,  Little  Falls,  North  Lake,  Lowville,  Constableville, 
Houseville,  Turin,  Number  Four,  and  Kings  Station.  The  monthly 
mean  derived  from  taking  the  averages  at  all  these  stations  is  con¬ 
sidered  to  give  a  very  close  approximation,  not  only  to  the  mean 
monthly  rainfall  of  Upper  Hudson  area,  but  of  Black  and  Salmon 
rivers,  East  Branch  of  Fish  Creek,  and  West  and  East  Canada  creeks. 

Table  No.  122  shows  the  comparative  run-offs  of  Black  and  Hudson 
rivers  in  inches  on  their  respective  catchment  areas  for  the  water 
years  1897-98  and  for  the  storage  period  of  the  water  year  1899. 

Table  No.  128  shows  the  difference  or  excess  of  monthly  run-off  of 
•  Black  and  Hudson  rivers,  in  inches,  on  the  catchment  areas  from 
December,  1897,  to  May,  1899,  inclusive.  For  the  years  1897  and  1898, 
so  far  as  we  have  the  data,  there  is  a  small  excess  for  Black  River, 
especially  in  the  water  year  1898,  where  it  amounts  to  1.68  inches. 
In  the  storage  period  of  1899  the  excess  is  5.8  inches,  due,  undoubt¬ 
edly,  to  the  fact  that  the  precipitation  of  this  period  was  consider¬ 
ably  larger  on  Black  River  catchment  area  than  on  Hudson.  As 
shown,  however,  in  a  previous  chapter,  the  excess  of  Black  River  may 
be  generally  attributed  to  difference  in  methods  of  computation.  If 
both  streams  were  computed  on  exactly  the  same  basis  and  with  the 
same  degree  of  accuracy,  it  is  probable  that,  taking  one  year  with 
another,  only  small  differences  will  be  found.  In  the  storage  period 
of  1899,  however,  the  considerable  difference  appearing  is  undoubt¬ 
edly  due  to  larger  precipitation  on  Black  River  catchment  area,  as  is 
illustrated  by  the  two  tabulations  following: 

Precipitation  on  Black  River  catchment  area. 


Date. 


Growing  period: 

June,  1898  . 

July,  1898 . 

August,  1898 . 

Total . 

Replenishing  period: 

September,  1898 . 

October,  1898 . 

November,  1898 . . . 

Total . 

Storage  period: 

December,  1898 . 

January,  1899 . 

February,  1899  . 

March,  1899 . . . 

April,  1899  . 

May.  i899  . 


North¬ 
ern  Pla¬ 
teau. 

Number 

Four. 

Little 

Falls 

Reser¬ 

voir. 

North 

Lake. 

Low¬ 

ville. 

Means  of 
periods, 
not  includ¬ 
ing  North¬ 
ern  Pla¬ 
teau. 

3.78 

2.  77 

4.38 

4. 56 

2.57 

3.28 

2. 19 

2.42 

4.00 

1.60 

6. 46 

6. 56 

13.79 

5.31 

3. 61 

13.52 

11.52 

20. 59 

13. 87 

7.  78 

13.44 

3. 67 

5.17 

3.92 

5.35 

»>  90 

4.89 

6. 78 

3.78 

5.  77 

5. 07 

3.63 

3. 49 

4.01 

4.42 

3.41 

12.89 

15. 44 

11.71 

15.54 

11.40 

13. 52 

4.17 

7.  44 

4. 67 

6. 19 

4.52 

3. 40 

4. 53 

3. 69 

3.43 

3. 64 

2.38 

2.70 

3. 03 

2.  92 

2.30 

5. 37 

5. 45 

6.33 

7.33 

5.11 

1.28 

2. 15 

1.30 

2.94 

2.01 

2. 46 

3. 77 

4.77 

3. 72 

3.29 

19.06 

26.04 

23.79 

26.53 

20.87 

24.31 

Total 
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Precipitation  on  Hudson  Hirer  catchment  area. 


Date. 


Growing  jx'riod: 

Jane,  1*9* . 

July,  I.*9s  . 

August.  1*9* . 

Total . . 

Replenishing  period: 
Septemlier,  1*9*.. 

Oetolier.  1*9* . 

November.  1088 .. 

Total  .......... 

Storing-  period: 

De* 'clutter.  1*'.W. .. 
January.  W  ... 
February.  1890  ... 
March.  l*l*9  . 

April,  mw  . . 

May.  1888  . . 

Total  . 


Saranac 

Lake 

Keen** 

Valley 

Glens 

Falls. 

Olovers- 

ville. 

Means  of 
periods. 

4  i« 

2  80 

3. 35 

5.14 

3.  !•'. 

4. 04 

1  *14 

4.  73 

4.78 

4  -i 

B  90 

12.01 

10.79 

.20, 

18. 77 

12  90 

4.  OS 

3.  .5*1 

3.42 

3. 1« 

3.80 

3.  **> 

8.2* 

5. 52 

2.  7*1 

2.83 

3. 80 

4.04 

10.31 

9. 11ft 

12  9 

13  :« 

11.47 

1  93 

1.78 

a  1  TO 

je.f« 

o  «w 

2. 15 

2.21 

3  IW 

1.53 

1  III 

2.  *12 

2.22 

8.80 

3  3* 

5  70 

7. 19 

0  .'ill 

0.  *3 

b  2  m 

1  t* 

1.18 

1.78 

S3  25 

3  Si 

io.  m 

It  19 

17  39 

20.33 

14.95 

a  Missing  from  r»*cord;  Lake  George  rworil  used.  5 Record  for  Kin#  Station  used. 


Tin*  first  of  these  tabulations  gives,  nt  tin*  left  hand,  the  precipita¬ 
tion  of  the  entire  Northern  Plateau  from  June,  1>*9S,  to  May,  1899, 
inclusive.  Following  this  we  have  four  of  the  principal  weather  sta¬ 
tions  of  the  Black  River  catchment  area,  namely,  Numlier  Four,  Little 
Falls  Reservoir,  North  Lake,  and  Lowvillc.  The  position  of  Numlier 
Four  ami  Lowville  are  shown  on  plate  98.  At  both  of  these  stations 
records  have  been  kept  for  long  periods,  as  shown  by  the  precipitation 
tallies.  Little  Falls  Reservoir  is  about  8  miles  to  the  north  of  that 
place.  North  Lake  is  situated  considerably  farther  north  on  the  head 
waters  of  main  Black  River.  Little  Falls  Reservoir  and  North  Lake 
are  not  located  on  plate  9K,  because  records  have  only  been  kept  there 
for  about  the  last  two  years,  and  consequently  we  have  no  safe  aver¬ 
ages  for  t  hose  places.  Probably  t  he  precipitat  ion  is  large  in  t  he  region 
covered  by  these  two  stations,  but  this  can  not  be  definitely  deter¬ 
mined  until  records  have  been  kept  fora  number  of  years. 

As  appears  from  first  tabulation,  the  total  of  the  growing  period  of 
the  entire  Northern  Plateau  for  1898  was  13.52  inches,  and  of  the 
replenishing  period,  12.19  inches.  The  total  of  the  storage  period  of 
1899  is  19.00  inches.  For  Number  Four,  Little  Falls  Reservoir,  North 
Lake,  and  Lowvillc  the  mean  total  for  the  growing  period  of  1898  is 
13.41  inches;  and  of  the  replenishing  period,  13.52  inches;  and  of  the 
storage  period  of  1899,  24.31  inches.  It  seems  safe  to  assume,  there¬ 
fore,  that  for  the  period  chiefly  affecting  the  run-off  during  the  storage 
period  of  1899  the  precipitation  of  Black  River  catchment  area  was 
about  4  to  5  inches  in  excess  of  the  mean  precipitation  of  the  whole 
Northern  Plateau. 

In  the  second  tabulation  we  have  the  precipitation  at  Saranac  Lake, 
Keene  Valiev,  (liens  Falls,  and  (lloversville  for  the  growing  and 
replenishing  periods  of  1898and  for  the  storage  period  of  1899.  Com- 
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paring  the  means  of  the  periods  with  those  of  the  previous  tabulation 
it  appears  clear  that  the  precipitation  for  that  part  of  the  Northern 
Plateau,  including  the  Upper  Hudson  catchment  area,  was  less  than 
the  mean  of  the  whole  plateau.  There  appears  to  be,  therefore,  suf¬ 
ficient  reason  why  the  run-off  of  Black  River  during  the  storage  period 
of  1809  is  considerably  greater  than  that  of  Hudson  River  for  the  same 
period. 

In  Table  No.  131,  following,  it  is  shown  that  for  the  water  year  of 
1895,  which  was  the  dry  year  of  the  period  from  1892  to  1898  included 
in  the  reservoir  computations,  there  would  remain  in  Black  River 
reservoir  in  store  5.26  inches  on  the  catchment  area,  or  22,175,000,000 
cubic  feet.  It  is  also  shown  by  Table  No.  136  that,  with  the  alterna¬ 
tive  tunnel  line  constructed,  there  would  have  been  left  in  Black  River 
reservoir  at  the  end  of  the  water  year  1895  7.12  inches  on  the  water¬ 
shed,  equivalent  to  30,000,000,000  cubic  feet.  This  apparently  large 
reserve  is  not  held  for  the  benefit  of  water  power,  but  to  cover  the 
contingency  of  a  water  year  with  much  smaller  run-off  than  any  expe¬ 
rienced  in  the  period  covered  by  the  gaugings.  In  case  the  project  is 
carried  out,  in  making  final  arrangements  with  the  mill  owners  on 
Black  River  it  should  be  definitely  expressed  that  the  reserve  storage 
just  referred  to  is  to  be  held  for  the  purpose  stated,  nor  should  the 
fact  of  the  occurrence  of  a  long  series  of  wet  years  lead  to  its  use. 

On  plate  139  we  have  plotted  run-off  curves  for  Hudson  and  Genesee 
rivers.  These  curves  are  obtained  by  plotting  annual  rainfall  in 
inches  on  the  catchment  area  as  abscissas  and  annual  run-off  as  ordi¬ 
nates.  ,  On.  Hudson  River  the  lowest  run-off  of  17.46  inches  occurred 
in  1895,  in  which  year  the  precipitation  was  36.8  inches.  On  Genesee 
River  the  lowest  run-off,  of  6.67,  also  occurred  in  1895,  when  the  pre¬ 
cipitation  was  31  inches.  The  broad  proposition  to  be  deduced  from 
these  curves  is  that  for  years  when  the  rainfall  sinks  as  low  as  about 
30  inches  the  run-off  of  Hudson  River  will  not  exceed  10  inches,  and 
may  be  somewhat  less,  and  that  the  run-off  of  Genesee  River  will  not 
exceed  about  6  inches  and  may  be  somewhat  less,  the  amount  less 
than  these  figures  probably  depending  upon  the  rainfall  for  one,  two, 
or  three  years  previous. 

In  reference  to  the  construction  of  these  curves,  it  may  be  remarked 
that  if  for  any  given  stream,  where  reliable  precipitation  and  run-off 
data  are  available,  we  arrange  the  yearly  quantities  in  the  order  of  the 
magnitude  of  the  rainfalls  and  without  reference  to  sequence  of  years, 
as  per  the  following  tabulations,  we  find  that  there  is  a  clear  relation 
between  the  rainfall  in  any  given  year  and  the  run-off  of  that  year. 
By  plotting  the  precipitation  as  abscissas  and  the  run-offs  as  ordinates 
we  may  construct  what  may  be  termed  the  run-off  curve  of  any  given 
stream.  On  drawing  such  a  curve  we  find  that  the  run-offs  forgiven 
precipitation  will  group  themselves  above  and  below  the  curve,  the 
extent  of  the  departures  from  a  true  curve  depending  upon  the  accu- 
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race  of  tin*  data.  If  then*  arc  wide  variations,  wo  may  conclude  that 
there  are  large  errors  either  in  the  rainfalls  or  run-offs,  or  both.  If,  on 
the  contrary,  the  points  all  fall  very  nearly  in  the  curve,  we  are  justi¬ 
fied  in  assuming  the  essential  accuracy  of  tin*  data.  Judged  by  this 
standard  the  precipitation  and  run-off  data  of  Hudson  and  (ienesee 
rivers  are  exceedingly  accurate.  Indeed  they  give,  so  far  as  the 
author  is  aware,  more  nearly  the  true  values  than  any  extended  set  of 
gaugiugs  from  such  large  areas  thus  far  made.  The  following  are  tin* 
preoipitat  ions  and  run-offs  for  1 1 udson  Rivei  for  t  In*  eleven  years  from 
1  sss  to  1808,  inclusive,  arranged  in  the  order  of  the  magnitude  of  the 
rainfalls: 

HUDSON  RIVER. 


Year. 

Rainlall. 

toehM. 

Ran  <>ff. 

War. 

Rainlall, 

ini'han 

Run  off, 
in< 'bes. 

1  Slf,1 

.Vi  **; 

33.  I* 

1**1.... 

42  !*i 

SI  56 

1M«I  . 

.Vi  X. 

SC  56 

ls*»  .. 

a  42  96 

21  71 

(MW 

.  ..  t*  :»• 

27  115 

Isitl  ... 

42.  1H 

21  HI 

1h?i; 

4*i  51 

2*1  a* 

1  S*4  ... 

41.37 

in  37 

l  Him 

45  21 

SI  |I5 

1hu5  . 

36.  «: 

17.  46 

lKMI 

43  i*2 

SI  H4 

n  Probably  42  1*6  inch**  rainfall  for  Ism*  in  only  approximately  correct.  Data  incomplete. 

For  (ienesee  River  t hex*  data  take  the  following  form: 

GENESEE  RIVER. 


v  Rainfall, 

V*r  inches. 

Run  off. 
in*h>**». 

Year. 

Rainlall. 

inches. 

Rut*  <>ff. 
lnchea. 

1*»4 .  47  79 

lw*n .  47  54 

lv.ix  42  50 

in 

0|  iM 

15  13 
15  42 
13  as 

1*93 . 

1*6*1 . 

1*0*7  . 

:f  30 
3x.  12 
:u  39 
31.00 

13  35 
H  OB 
».:w 
6.67 

1*6*2 .  41  if 

lHWl .  4*1  lIH 

1HII5 . 

The  comparison  of  these  two  series  shows  that  Hudson  River  data 
are  somewhat  bet  ter  than  (ienesee.  The  reasons  for  this  have  been 
partially  given  in  a  lecture  on  the  data  of  stream  flow  in  relation  to 
forests  before  the  engineering  classes  of  Cornell  University,  April  14, 
and  printed  in  the  Transactions  of  the  Association  of  Civil  Kngi- 
neers  of  Cornell  University  for  18tW.  There  is,  however,  another 
reason  \v hy  t  lies**  figures  are  more  accurate  t  lmn  such  data  usually  are. 
In  t he  first  place,  the  rainfalls  have  for  both  catchment  areas  been 
deduced  from  the  means  of  a  number  of  stations,  whereas  it  is  still  a 
very  common  practice  to  take  the  rainfall  of  one  or  two  stations  as 
representing  the  mean  of  the  whole.  For  large  catchment  areas  this 
almost  invariably  gives  results  wide  of  the  truth.  Again,  tin*  stream 
gaugiugs  on  1 1  udson  and  ( ienesee  rivers  a  re  more  nearly  t  met  han  such 
data  usually  are.  On  Hudson  River  the  use  of  the  formula  of  the 
Indian  engineers  has  given  results  which  are  approximately  true, 
while  on  (ienesee  River  tin*  original  data,  as  taken  from  tin*  timber 
dam  of  tin*  Mount  Morris  Hydraulic  Power  Company,  have  been 
reduced  to  weir  measurement  by  the  actual  construction  of  a  wier 
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and  the  rating  of  the  gauging  dam,  as  detailed  elsewhere.  In  view  of 
these  facts  it  is  the  author’s  opinion,  after  examining  nearly  all  the 
gaugings  made  in  the  United  States,  that  the  figures  for  these  two 
streams  are  considerably  more  accurate  than  such  data  usually  are. 

In  order  to  show  how  necessary  it  is  to  hold  the  excess  storage  of 
Black  and  Salmon  rivers  reservoirs  to  cover  the  contingency  of  some 
extremely  dry  year  in  which  the  precipitation  does  not  much  exceed 
30  inches,  and  in  which  year,  consequently,  the  run-off  will  probably 
not  exceed  about  10  inches,  we  will  go  into  a  somewhat  extended  anal¬ 
ysis  of  Tables  Nos.  20  to  118,  inclusive,  the  object  being  to  show  that 
in  the  State  of  New  York  there  have  been  years  when  for  the  entire 
State  the  rainfall  has  not  exceeded  about  30  inches.  What  has 
happened  once  is  likely  to  happen  again. 

At  Albany  (Table  No.  22)  the  water  years  1895  and  1896  repre¬ 
sented  a  period  of  very  low  precipitation.  The  following  are  the 
figures  for  the  several  periods: 


1895. 

1896. 

Storage . 

Growing . . . 

Replenishing . 

Total .  . 

12.58 
8.88 
8.  9:: 

30. 39 

14.79 

8.31 

6.64 

29.74 

The  total  precipitation  of  the  previous  year,  1891,  was  31.45  inches. 
It  is  probable  that  for  the  water  year  1896  streams  in  the  vicinity  of 
Albany  did  not  run  to  exceed  9  inches  on  the  catchment  area. 

At  Auburn  (Table  No.  26)  the  years  1836,  1837,  and  1838  cover  a 
period  of  very  low  precipitation,  as  shown  by  the  following: 


1836. 

1837. 

1838. 

Storage . . . 

19.41 
6. 39 

10  37 

Growing . . . . . 

11  35 

8  14 

Replenishing . 

6. 56 

6. 78 

6. 05 

Total . . . . 

32. 36 

28. 50 

21.69 

Taking  into  account  the  sequenceof  the  foregoing  record  at  Auburn, 
it  is  probable  that  in  the  water  year  1838  the  run-off  of  streams  in  that 
vicinity  did  not  exceed  3  to  1  inches  on  the  catchment  area. 

In  view  of  its  relations  to  run-off  of  Upper  Hudson  catchment  area 
we  may  refer  to  the  record  at  Burlington,  Yt.  (Table  No.  31),  for  the 
years  1893  to  1896,  inclusive.  We  have  the  following  from  the  Bur¬ 
lington  record: 


1893. 

1894. 

1895. 

1896. 

Storage . . . . . 

8.33 
13. 78 
5.25 

27.30 

10.  S5 
4.51 
8.34 

23.20 

10.  70 
10. 08 
8.19 

28.97 

9.70 

11.05 

8.55 

29.30 

Growing . . . 

Replenishing. . . . 

Total  . . . . . . 

DEEP  WATERWAYS. 


7S4 

Taking  into  account  the  low  precipitation  of  181*4,  it  is  probable 
that  in  1895  ami  1N9*>  streams  in  the  vicinity  of  Burlington  did  not 
run  to  exceed  5  to  *i  inches  on  the  catchment  area. 

At  ('azenovia  ('Fable  No.  48)  the  two  lowest  consecutive  years  are 
1844  and  1895,  when  tin*  total  run-offs  were  34.29  inches  in  1834  and 
32.82  inches  in  1835.  Inasmuch  as  streams  in  that  vicinity  fall  in  the 
same  category  as  (ienesee  River,  if  we  assume  similar  conditions  of 
forestation,  the  run-off  was  probably  about  8  inches  on  the  catchment 
area. 

At  Cooperstown  ('Fable  No.  42)  the  mean  precipitation  for  the  entire 
period  covered  from  1854  to  1898,  inclusive,  is  39.07  inches.  The 
three  consecutive  minimum  wars  occurred  from  1879  to  1881,  inclu- 


sive.  The  following  are  tin*  precipitations  for  those  years: 

187V. 

1880. 

1881. 

sior«id>  . . . . . . . 

14  D1 

8  44 

6.3k 

18.  57 
10.16 
8.81 

12.33 
7.:*8 
!*  56 

Growing . . ...... . . . 

Koplt'iitfthing . . . 

Total . 

2D.  73 

.17  £1 

a*  27 

In  lssl  the  run-off  of  streams  in  the  vicinity  of  Coojierstown  prob¬ 
ably  did  not  exceed  7  inches. 

The  t’ooperstown  record  is  considered  one  of  the  best  long  records 
in  t he  State. 

At  (ieneva  ('Fable  No.  51)  the  mean  precipitation  for  twenty-five 
years,  between  1K50  and  181*3,  inclusive,  is  30.8*1.  In  the  period  from 
1  ss:{  to  Inks,  inclusive,  the  precipitation  at  (ieneva  was  continuously 
below  the  mean,  as  indicated  by  the  following  tabulation: 


IKK!. 

1884. 

18KV 

l88«. 

1887. 

1888. 

Storage . 

W  3h  1 

10.  43 

5  61 

10. 02 

6  70 

10.48 

Growing  . 

10.57 

5  78 

12  15 

10  11* 

11  41 

8.81) 

Ki-pletiUhing . 

5. 76 

ft.  86 

6  8ft 

7.18 

4  1C 

8.22 

— - 

27.50 

Total .  . 

25.71 

22.  06 

24  11 

27  :m 

22  18 

For  the  years  Ins"  and  Inks  it  i>  probable  that  streams  :n  tin*  vicin¬ 
ity  of  (ieneva  did  not  Mow  to  much  exceed  2  to  4  inches  on  the  catch¬ 
ment  area. 

At  (ileus  Fails  (Table  No.  52)  the  mean  precipitation  for  the  years 
1  n79  to  1  S9s,  inclusive,  is  37.7*1  inches.  The  following  is  the  record 
for  the  wars  INK*) to  1KK4,  inclusive: 


1880. 

1881. 

1882. 

1KKS.  <i 

1884. 

Storage . . . . . 

14  73 

14.K1 

15  :!5 

13.07 

15.  l»7 

Growing . 

4.61 

5  15 

!•  .17 

5. 01 

7.31 

Rnplenialiing . . . 

10  .38 

H  Uh 

6.  10 

10  11 

6  37 

Total . 

21).  72  ^ 

>  06 

31.21 

28.  ID 

L 

2D.  65 
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A  study  of  run-off  records  shows  that  the  precipitation  of  the  storage 
period  largely  controls  the  run-off  for  the  year;  hence  in  a  year  like 
1883,  when  the  precipitation  of  the  storage  period  was  only  13.07 
inches,  especially  when  such  a  year  has  been  preceded  by  years  like 
1880  to  1882,  inclusive,  the  run-off  will  certainly  be  very  low.  Prob¬ 
ably  in  1883  it  did  not  exceed,  in  the  vicinity  of  Glens  Falls,  about  6 
inches.  In  1884  the  precipitation  of  the  storage  period  was  2.00  inches 
greater  than  in  the  previous  year,  but  this  small  additional  precipita¬ 
tion  was  probably  mostly  without  effect  on  the  streams  because  of  low- 
ground  water.  It  appears,  therefore,  entirely  safe  to  assume  that  the 
run-off  of  streams  in  the  vicinity  of  Glens  Falls  must  have  been  quite 
as  low  in  1884  as  in  the  previous  year  1883. 

At  Gouverneur  (Table  No.  54)  the  total  precipitation  of  the  year 
1838  was  20.93  inches;  of  1830,  18.87  inches,  and  1842,  17.06  inches. 
Assuming  forestry  conditions  at  that  time  in  the  vicinity  of  Gouv¬ 
erneur  substantially  as  they  now  exist  on  Hudson  River  catchment 
area,  the  run-off  of  the  streams  may  have  been  3  inches,  or  from  defor¬ 
ested  areas  probably  2  inches. 

At  Ithaca  (Table  No.  61)  the  two  lowest  years  of  precipitation  are 
1884  and  1805,  in  both  of  which  the  total  happens  to  be  26.08  inches. 
In  1846  the  total  of  the  storage  period  was  0.67  inches,  the  total  for 
the  year  being  30.07  inches.  It-  is  probable  that  the  extreme  minimum 
run-off  in  the  vicinity  of  Ithaca  does  not  exceed  5  inches. 

At  Keene  Valley  (Table  Xo.  63)  the  lowest  precipitation  occurred 
in  1881,  the  total  for  that  year  being  28.20  inches.  The  precipitation 
of  the  storage  period  was  13.15  inches.  The  totals  of  the  previous 
years,  1870  and  18S0,  were  32.15  and  33.32,  respectively.  The  run-off 
for  1881  probably  did  not  exceed  8.0  inches. 

At  Lowville  (Table  Xo.  60)  the  period  of  lowest  precipitation  was 
for  the  years  1843  to  1846,  inclusive.  The  following  are  the  figures 
for  those  years: 


1843. 

1844. 

1845. 

1846. 

Storage . . . . . . . . . 

7.06 

11.53 

12. 90 

9.76 

Growing . . . . . 

12. 12 

8.30 

5. 7  8 

Replenishing  - . . . . .  . . . 

8.30 

7.34 

9.60 

11.63 

Total . _ . . . . 

27.48 

26. 51 

30.80 

27. 17 

A  marked  peculiarity  of  this  Lowville  period  is  the  low  precipitation 
of  the  storage  period  for  all  the  years  included.  Taking  this  into 
account,  it  is  probable  that  for  the  years  1845  and  1846  the  run-off  in 
the  vicinity  of  Lowville  was  very  low.  In  1845  it  may  have  reached  8 
inches,  but  for  1846  it  is  doubtful  if  it  exceeded  5  or  6  inches.  These 
conclusions,  it  must  be  understood,  are  based  on  present  conditions 
of  forestation.  In  case  there  were  much  larger  forest  areas  in  that 
vicinity  at  that  time,  the  run-offs  may  have  been  somewhat  larger. 

At  Mexico  (Table  Xo.  72)  the  total  precipitation  for  the  year  1840 
II.  Doc.  140 - 50 


DKKI*  WATERWAYS. 


780 

was  JO. 21  inches,  the  storage  period  of  that  year  being  0.73  inches. 
The  rnn-ofT  probably  did  not  exceed  J  inches. 

At  Mount  Morris  (Table  No.  70)  the  total  precipitation  of  the  year 
1801  was  J3.<i 0  inches,  1  hat  of  t  he  storage  period  being  10.24  inches.  In 
1805  the  total  was  25.0.5  inches,  the  storage  period  giving  1 1.05  inches. 
From  the  author’s  personal  knowledge  of  the  subject  he  has  no  hesi¬ 
tation  in  saying  that  in  1805  streams  in  the  vicinity  of  Mount  Morris 
did  not  exceed  a  total  run-off  of  about  3  to  4  inches. 

The  year  1805  was  generally  a  year  of  low  precipitation  throughout 
tlu>  whole  State.  Thus,  at  Newark  Valley  (Table  No.  77)  the  total 
was  Js.  pi;  at  New  Lisbon  (Table  No.  7*)  the  total  was  20.03;  at  North 
Hammond  (Table  No.  70)  tin*  total  was  20.  sO,  and  soon.  An  extended 
analysis  of  these  precipitation  tables  shows  that  for  a  large  portion  of 
the  State  of  New  York  the  run-off  of  1805  did  not  exceed  ft  to  12 
inches  on  the  catchment  areas.  At  some  places  the  run-offs  were  less 
than  0  inches. 

Al  Onondaga  Hollow  (Table  No.  83)  the  year  of  minimum  precipita¬ 
tion  occurred  in  1841,  having  been  preceded  by  several  years  of  rather 
low  rainfall.  Streams  in  that  vicinity  probably  do  not  exceed  0  inches 
run-olf  in  years  of  minimum  precipitation. 

At  Oswego  (Table  No.  84)  precipitation  sank  to  20.15  inches  in  1855 
and  to  23. 4G  inches  in  1887;  in  1 880  it  was  30.31*  inches.  In  1887  the 
total  for  the  storage  period  was  10.55  inches.  It  is  doubtful  if  the 
run-off  at  Oswego  exceeded  about  2  to  4  inches  for  that  year. 

At  Oxford  (Table  No.  8.5)  we  have  the  following  record  for  the 
years  1*32  lo  1834,  inclusive. 


IKK. 

1KB. 

1*34. 

Storugc . . . . . . . 

is.  r.* 
h.  n 
5.  M 

M  Of 

14.6ft 
tt.  ill 
lo.  mi 

34. 96 

».  iB 
11 

6. 

». :« 

< trowing  . . . 

Replenishing . . . . 

Total . 

The  low  precipitation  of  the  storage  period  of  the  water  year  1834 
indicates  run-offs  in  the  vicinity  of  Oxford  for  that  year  of  perhaps 
5  inches. 

At  Palermo  (Table  No.  si'.),  where  we  have  a  continuous  record  from 
18.51  to  ls:is,  inclusive,  there  are  several  years  in  which  the  precipita¬ 
tion  is  given  considerably  below  30  inches,  as,  for  instance,  in  1871, 
27.81  inches;  1875,  28.11  inches;  1881,  20.37  inches;  1882,  28.80  inches, 
and  in  1805,  25.07  inches.  The  precipitation  of  the  storage  period  of 
1805  was  only  10.15  inches.  It  i>  probable  that  for  that  year  streams 
in  the  vicinity  of  Palermo  did  not  exceed  a  run-off  of  about  2  inches. 

At  Pen  Van  (Table  No.  s7)  we  have  a  continuous  record  from  1821* 
to  1807,  inclusive,  the  mean  of  the  whole  period  being  27.03  inches. 
There  are  several  periods  of  from  three  to  six  years  when  the  rainfall 
was  less  than  the  average.  So  marked  is  this  that  it  seems  safe  to 
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assume  that  streams  in  the  vicinity  of  Pen  Yan  do  not  ordinarily 
run  more  than  from  4  to  G  inches  on  the  catchment  area.  In  1854  the 
total  precipitation  was  1!).GG  inches.  There  are  several  years  in  which 
the  total  precipitation  at  Pen  Yan  for  the  storage  period  has  not 
exceeded  from  8  to  9  inches. 

At  Pierpont  Manor  (Table  No.  90)  the  totals  for  the  years  1852 
to  1854  are  as  follows:  1852,  30.93;  1853,  27.57,  and  for  1854,  28.89 
inches.  In  1862  the  total  precipitation  was  28.15  inches. 

At  Plattsburg  (Table  No.  91)  the  total  precipitation  in  185S  was 
29.11  inches,  and  in  1859,  22.78  inches.  In  1893  it  was  25.69  inches, 
with  a  total  of  only  9.92  inches  in  the  storage  period.  For  1895  the 
total  was  29.75  inches.  It  is  evident  that  the  minimum  run-off  of 
streams  in  the  vicinity  of  Plattsburg  does  not  exceed  6  inches. 

At  Pompey  (Table  No.  92)  the  totals  for  the  years  1836  to  1838  are 
as  follows:  For  1836,  24.22  inches;  1837,  28.37  inches,  and  1838,  24.82 
inches. 

At  Port  Ontario  (Table  No.  93)  the  total  precipitation  for  1855  was 
26.15  inches;  for  1871,  29.76  inches,  and  for  1872,  28.81  inches. 

At  Potsdam  (Table  No.  94)  we  have  the  following,  record  for  the 
years  1837  to  1839,  inclusive: 


1837. 

1838. 

1839. 

Storage . . . . . . . . . 

Growing . . . . . _ . . . . . . . _ 

ID.  70 
7.91 
9.03 

28.24 

19.  19 
9.57 
7.44 

27.20 

7.  75 
10. 2D 
4.07 

22. 02 

Replenishing . . . . .  _  . __ 

Total . .  .  . .  . . 

In  1895  the  total  precipitation  at  Potsdam  was  31.83  inches. 

At  Poughkeepsie  (Table  No.  95)  the  total  for  the  year  1895  was 
31.53  inches. 


At  Rochester  (Table  No.  97)  we  have  a  continuous  record  from  1834 
to  1898,  inclusive.  The  mean  precipitation  for  this  whole  period  is 
33.61  inches.  For  the  period  from  1834  to  1840,  inclusive,  the  total 
for  each  water  year  is  considerably  under  the  mean,  as  follows:  In 
1834,  20.37  inches;  1835,  28.67  inches;  1836,  26.83  inches;  1837,  29.57 
inches;  1838,  27.02  inches;  1839,  29.97  inches,  and  in  1840,  28.64  inches. 
In  1854  the  total  was  28.06  inches;  in  1882  it  was  26.74  inches;  in  1885, 
28.68  inches,  and  in  1887  only  20.61  inches.  In  1888  the  total  rose  to 
27.34  inches,  but  the  precipitation  of  the  storage  period  was  only  9.65 
inches.  It  is  probable  that  the  run-off  of  streams  in  1888  in  the 
vicinity  of  Rochester  did  not  exceed  3  to  4  inches.  In  1895  the  total 
at  Rochester  was  30.15  inches. 

At  Rome  (Table  No.  98)  the  year  of  minimum  precipitation  for  the 
period  from  1890  to  1898,  inclusive,  was  1895,  in  which  year  the  total 
of  the  storage  period  was  13.57  inches,  and  the  total  for  t lie  year, 
31.30  inches. 

At  Romulus  (Table  No.  99)  the  total  for  the  storage  period  was 
10.87,  the  total  for  the  year  being  27.76  inches. 
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At  Rutland  (Table  No.  MM)  the  period  1 854  to  185*5  covered  years 
of  low  precipitation.  Tin*  mean  at  that  place  from  184(5  to  1801, 
inclusive,  is  .'10.04  inches,  but  the  total  for  1854  was  only  29.50;  for 
1S55,32.m7,  and  for  1850,  28. s.3  inches.  In  1850  the  run-off  of  streams 
i n  tin*  vieinitv  of  Rutland  could  not  have  exceeded  about  5  inches. 

At  Saeketts  Harbor  (Table  No.  102)  tin*  mean  from  18*14  to  1898, 
with  four  years  omitted,  is  32.50  inches.  The  period  1870  to  187*5, 
inclusive,  was  far  below  tin*  mean,  the  totals  being  as  follows:  187*), 
25. 1*5  inches;  1871, 2*5.02  inches;  1872,  30.75  inches;  1873,  28.79  inches; 
ls74,  27.58  inches;  1875,  22.30  inches;  and  187*5,  25.42  inches.  In 
ls75tln*  total  precipitation  of  the  storage  period  was  8. *53  inches.  The 
total  run-off  <>f  that  venr  in  tin*  vieinitv  of  Saeketts  Harbor  could  not 
have  much  exceeded  about  2  inches. 

Tin*  vears  ls7'.i  to  18ss  were  also  low  vears  at  Saeketts  Harbor. 
The  following  gives  the  record  for  188*5  to  1888: 


Storage*  . 

i  i  rowing 
Replenishing 

Total... 


1886. 

1887.  i 

1888. 

14  tU 

11.10 

4  *.*4 

7 

4  lo  1 

1*2 

8.82 

7.  W 

14  Ui 

:»>.  K4 

21.  Ill 

24. 75 

These  three  years  were  preceded  by  several  years  in  which  the  pre¬ 
cipitation  ranged  from  22.50  inches  to  28.87  inches,  the  year  1885 
having  shown  a  total  of  2*5.83  inches.  For  the  year  1895  the  total 
at  Saeketts  Harbor  was  29.3!*  inches. 

At  South  (’anisteo  (Table  No.  1<H5)  the  total  for  the  year  1895  was 
30.72  inches. 

At  I  tiea  (Table  No.  112)  the  mean  of  thirty-six  years,  included 
between  182*5  and  1892,  is  42.39  inches.  The  lowest  year  of  this  period 
was  183*5,  with  a  total  of  31.75  inches. 

.Vi  Watertown  (Table  No.  114)  the  mean  of  the  period  from  18*52  to 
1 81*8,  inclusive,  is  33.53  inches.  Table  No.  114  shows  several  short 
periods  in  which  the  precipitation  has  been  far  Im*1ow  the  mean,  as, 
for  instance,  from  1874  to  187*5,  inclusive;  from  1879  to  1882,  inclu¬ 
sive,  and  in  the  years  1887  and  1888.  In  1875  the  run-off  of  the 
storage  period  was  9.82  inches,  the  total  for  tin*  year  being  21.1*5 
inches.  The  preceding  remarks  as  to  occasional  very  low  run-off 
apply  with  force  to  conditions  in  the  vicinity  of  Watertown.  The 
minimum  run-offs  of  the  locality  may  1m*  safely  placed  at  from  4  to  *5 
inches. 

At  Waverly  (Table  No.  115)  the  total  precipitation  of  the  year  1895 
was  25. 10  inches. 

At  Williamstown,  Mass.  (Table  No.  118),  in  the  catchment  area  of 
lloosiek  River,  a  tributary  to  Hudson,  the  precipitation  record  covers 
certain  years  from  1855  to  1898,  inclusive.  The  mean  of  the  period 
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is  39.41  inches.  The  year  of  minimum  precipitation  occurred  in  1883, 
with  a  total  of  29.55  inches  for  the  year  and  11.24  inches  for  the 
storage  period. 

The  foregoing  data  of  precipitation  in  the  State  of  New  York  are 
cited  for  the  purpose  of  establishing  the  proposition  that  at  times  the 
run-offs  of  New  York  streams  are  very  low,  and  that  consequently  the 
reserve  storage  of  Black  River  reservoir  is  none  too  large.  Undoubt¬ 
edly  the  saving  grace  of  the  whole  matter  is  that  apparently  the 
cycles  of  low  precipitation  do  not  affect  the  whole  State  at  the  same 
time.  Indeed,  it  is  only  occasionally  that  catchment  areas  as  large  as 
Upper  Hudson,  Black,  Mohawk,  Oswego,  and  Genesee  rivers  will  be 
all  subject  to  drought  in  the  same  year.  A  balancing  of  conditions 
is  thus  to  some  extent  brought  about.  Nevertheless,  while  the  preced¬ 
ing  statement  is  fairly  deducible  from  the  data,  it  is  the  author’s 
opinion  that  if  we  had  complete  records  it  would  be  easily  shown  that 
the  rainfall  of  nearly  the  entire  State  has  in  some  year  been  on  an 
average  less  than  30  inches,  and  that  consequently  the  streams  of  the 
State,  as  a  whole,  did  not  average  in  such  a  year  a  run-off  of  more 
than  about  7  to  10  inches.  For  individual  catchment  areas,  like 
Upper  Genesee,  where  the  total  is  1,070  square  miles,  or  for  Oneida 
Lake  area,  with  a  total  above  Brewerton  of  1,205  square  miles,  it  is 
quite  possible,  and  indeed  probable,  that  the  minimums  affecting  the 
whole  area  may  sink  somewhat  lower.  Probably  25  inches  precipita¬ 
tion  is  not  an  unreasonable  figure.  Jf  such  a  minimum  should  occur 
for  Oneida  Lake  area  the  run-off  for  the  water  year  would  not  exceed 
about  5  inches.  Should  this  happen  Oneida  Lake  would  not  by  itself 
furnish  an  adequate  water  supply  for  a  low  level  canal  in  the  Oswego- 
Mohawk  Valley.  For  high  level  canals,  as  already  stated,  the  reserve 
storage  of  Black  River  reservoir  will  be  sufficient  to  meet  the  condi¬ 
tions  of  the  most  adverse  year. 

In  order  to  verify  run-off  diagrams  of  plate  139,  reference  may  be 
made  to  tables  showing  the  mean  precipitation  of  Hudson  River 
catchment  area  in  the  author’s  second  report  on  Hudson  River  stor¬ 
age  in  the  Annual  Report  of  the  State  Engineer  and  Surveyor  of 
New  York  for  1896.  Tables  showing  the  mean  precipitation  of  Gen¬ 
esee  River  catchment  area  may  also  be  found  in  the  author’s  report 
on  Genesee  River  storage  in  the  Annual  Report  of  the  State  Engineer 
and  Surveyor  for  1896. 

Flood  Flows  of  Streams  in  the  State  of  New  York. 

Table  No.  124  gives  maximum  and  ordinary  flood  flows  of  a  number 
of  streams  in  the  State  of  New  York.  The  statements  therein  given 
represent  the  best  information  at  hand,  but  it  is  probable  that  some 
of  them  might  be  modified  by  more  extended  data.  It  is  not  believed, 
however,  that  the  modifications  would  be  of  such  extent  as  to  spe¬ 
cially  vitiate  any  conclusions  which  maybe  drawn  from  these  data. 


Table  No.  r*l. — Showing  maximum  ntu*  orti inary  Jin  <1  flows  of  stream*  in  the  State  of  Xne  York. 
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Taking  up  the  streams  in  the  order  of  the  serial  numbers  of  the  table, 
explanatory  matter  relating  to  each  will  be  presented. 

(1)  SENECA  RIVER. 

Gauging  station  Mo.  1  was  established  on  this  stream  at  Baldwins- 
ville  in  November,  1897.  According  to  statements  made  by  people  at 
Baldwinsville,  mill  owners  and  others,  ordinary  high  water  is  about  3 
feet  on  the  crest  and  occurs  nearly  every  spring.  This  gives  a  dis¬ 
charge  over  the  present  dam  and  through  the  water  wheels  of  13,968 
cubic  feet  per  second.  In  1865,  which  was  a  year  of  unusually  high 
floods  in  central  and  western  Mew  York,  it  is  stated  that  the  water 
went  higher  than  this,  but  no  person  has  been  found  thus  far  who  is 
able  to  give  the  exact  height.  YTe  will  show  why  this  stream,  with 
3,103  square  miles  of  catchment  area,  gives  so  small  a  flood  flow  in  the 
following  discussion  of  the  Oswego  River. 

All  statements  agree  that  floods  seldom  occur  in  the  fall  of  the  year 
on  Seneca  River. 

(2)  OSWEGO  RIVER. 

A  gauging  station  was  established  on  Oswego  River  at  Fulton  in 
November,  1898,  the  catchment  area  above  the  point  of  gauging  being 
4,915.6  square  miles.  The  highest  water  reported  is  a  depth  of  4  feet 
on  the  crest  of  the  dam  at  Fulton,  the  flow  being  19,500  cubic  feet  per 
second,  the  ordinary  spring  flood  amounting  to  17,700  cubic  feet  per 
second.  This  figure  is  substantially  verified  by  the  statement  of  the 
late  Charles  Rhodes,  esq. ,  of  the  Oswego  Canal  Company,  who  studied 
Oswego  River  extensively  and  who,  according  to  the  report  on  water 
power  of  the  United  States  of  the  Tenth  Census,  claimed  that  the 
ordinary  flood  discharge  at  Oswego  was  from  16,000  to  17,000  cubic 
feet  per  second  and  that  an  excessive  flood  might  be  as  large  as  41,000 
to  42,000  cubic  feet  per  second,  these  latter  figures  probably  being  the 
discharge  of  the  Oswego  River  in  the  great  flood  of  March,  1865.  Thus 
far,  however,  exact  figures  have  not  been  obtained  of  any  flood  exceed¬ 
ing  about  20,000  *cubic  feet  per  second,  as  per  column  (12)  of  Table 
No.  124.  As  will  be  seen  from  column  (14)  of  the  table,  these  flows, 
when  computed  in  cubic  feet  per  square  mile  per  second,  do  not  exceed 
4  cubic  feet,  which  is  very  small. 

The  catchment  area  of  the  Oswego  River  at  Oswego  is  5,002  square 
miles,  and  a  very  interesting  question  arises  as  to  why  a  stream  with 
so  large  an  area  as  this,  issuing  from  a  region  with  a  mean  annual 
rainfall  of  from  about  30  to  40  inches  and  with  heavy  snow  falls,  fre¬ 
quently  melting  suddenly  at  the  end  of  winter,  should  not  show 
greater  flood  flows  than  a  maximum  of  about  4  cubic  feet  per  square 
mile  per  second.  The  answer  may  be  found  in  considering  the  large 
temporary  storage  on  the  surfaces  of  the  lakes,  marshes,  and  flat 
valleys  of  Oswego  basin.  By  way  of  showing  this  saliently,  we  have 
prepared  the  following  table,  in  which  appear  the  names  of  the 
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several  lakes,  with  tlieir  approximate  catchment.  areas,  areas  of  water 
surface,  areas  of  flats  and  marsh,  and  total  area  of  water  surface, 
flats,  and  marsh.  The  table  is  self-explanatory,  and  attention  is 
merely  directed  to  the  footings,  from  which  it  appears  that  the  total 
area  of  water  surface  is,  approximately,  400.4  square  miles,  the  total 
area  of  flats  and  marsh  220.7  square  miles,  and  the  total  of  water 
surface,  flats,  and  marsh  .WO  square  miles. 


I'nmltii/r  nrt'a#  in  (fmreyn  /lavr  fwWn. 
I  SENECA  BASIN. 


( *atch- 

An>»  of 

Area  of 

Total  area 
of  valor 

Name  of  lake  or  rivi-r. 

ment 

wnti-r 

Mats  ami 

au  r  fare. 

area. 

surface. 

marsh. 

tllltS.  H till 

marsh. 

CnnAmlaiKnn . . .  . 

St/,  milr «. 
175.  o 

S<).  milr*. 
Is  ll 

S'/ .  milr* 
HO 

Si),  milr*. 

•_li  ii 

Keuka  . . 

1ST  o 

31  :i 

3.0* 

St.  3 

7()7  o  i 

iw.  ti 

4.0* 

70.0 

Cayuga .  .  . . . 

1,510  0 

HA  H 

2.0 

IlM  H 

( iwa.Hco . . 

308.0 

13  4 

6.5 

17  0 

Skancateles . . 

771  0 

13.  M 

0. 5 

13. 3 

<  ntaco .  . 

:n  n 

3.0 

0.5 

3.5 

Crons  . 

(a) 

13 

(6) 

0.5 

4.3 

(  Miomla^a  . .  . 

233. 0 

4.0 

4.5 

Seneca  River  . . 

2H.  (1 

3. 5 

(6) 

45.0 

3.5 

Monti'Ztimn  Marsh . 

45. 0 

Miscellaneous  small  ikhkIh 

_  :t  5 

3.5 

Miscellaneous  tint  valleys  . 

30.0 

30.0 

Total  . . 

3,433.0 

315. 3 

ttt.  0 

304.2 

i  3 i  ONEIDA  BASIN. 


Cazonorin . 

« >nei<ln . . 

Miscellaneous  small  omuls  . ,  . 

#0  2.H 

1,305.  0  i  HO  0 

5.9 

Ik  3 
130.0 

3.1 

3141.0 

5.9 

0.0 

3.0 

Mlsi'ellaiu'iius  Mat  valleys  . . 

•t.  0 

2.1 

Onehla  River  . ’ .  .  . 

Total  .  . 

13H.0  i  0.9 

4,886.0  304.8 

217.4 

533. 3 

,  3)  OSWEUO 

BASIN 

Miscellaneous  small  imiikIs  .  . 

.  2. 5 

3  5 

t  lswego  River .  .  . 

107.0  2  0 

3.3 

5.3 

Total  .  .  . . 

5.UI3.0  :k».3 

330.7 

530. 0 

ii  Enlargement  of  Seneca  Kivor.  /•  An-ii  <>f  Mats  unit  marsh  iTicluileil  in  Muiituniua  Marsh. 


Dividing  the  total  area  of  water  surface,  flats,  and  marsh  of  540 
square  miles  by  5,002,  the  area  of  the  catchment  basin,  it  appears 
that  the  total  area  of  water  surface,  flats,  and  marsh  is  10. 0  percent 
of  the  whole.  We  do  not, often  have  flood  run-offs  in  New  York  State 
exceeding  4  or  4  inches  in  depth  over  the  catchment  area,  but  f  inches 
in  depth  over  t he  Oswego  area  would  be  only  47.7  inches  on  the  pond¬ 
age  area  of  540  square  miles. 

Several  of  the  large  lakes  of  this  basin  fluctuate  considerably  l>e- 
t ween  high  and  low  water.  From  tabulations  given  in  the  report  of 
the  superintendent  of  public  works  it  is  shown  that  the  fluctuation  on 
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Skaneateles  Lake,  which  is  drawn  upon  as  a  canai  reservoir,  is  as 
much  as  5  feet,  and  on  Otisco  Lake  about  4.5  feet.  According  to  fig¬ 
ures  given  in  the  Eleventh  Annual  Report  of  the  State  Board  of 
Health  of  New  York,  page  520,  it  appears  that  the  maximum  fluctua¬ 
tion  of  Cayuga  Lake  for  a  long  series  of  years  has  been  7.56  feet, 
although  this  large  fluctuation  may  be  possibly  partly  due  to  work 
done  by  the  State  in  cutting  out  the  channel  of  Seneca  River  for  the 
purpose  of  draining  the  Montezuma  Marsh.  Ordinarily  the  fluctua¬ 
tion  of  Cayuga  Lake  does  not  exceed  between  2  and  3  feet.  Thus, 
from  March  4,  1887,  to  December  2  of  that  year  the  lake  fell  2.93 
feet,  and  from  March,  1889,  to  December  of  that  year  the  fluctuation 
was  2.3  feet.  The  figures  are  not  at  hand  giving  the  fluctuation  of 
Canandaigua,  Keuka,  Seneca,  and  the  other  large  lakes  of  this  basin, 
but  it  may  be  certainly  assumed  that  they  do  not  vary  greatly  from 
the  preceding  figures  of  Skaneateles,  Otisco,  and  Cayuga  lakes.  By 
way  of  illustrating  how  these  great  natural  reservoirs  tend  to  prevent 
floods,  it  may  be  mentioned  that  the  configuration  of  Cayuga  outlet 
with  relation  to  Clyde  River  is  such  that  frequently,  when  there  are 
heavy  rainfalls  in  t lie  catchment  area  of  Clyde  River,  Cayuga  Lake 
being  at  the  same  time  at  a  low  level,  the  entire  flood  flow  of  Clyde 
River  is  discharged  into  Cayuga  Lake  without  affecting  Seneca  River 
below  the  mouth  of  Clyde  River  at  all.  It  is  undoubtedly  due  to  this 
fact  that  fall  floods  on  Oswego  River  are  almost  entirely  unknown. 

In  a  litigation  in  1875,  in  t lie  case  of  Michael  J.  Cummings  against 
owners  and  lessees  of  water  on  Yarick  Canal  at  Oswego,  it  was 
assumed  by  the  court  in  the  decision  that  the  extreme  low-water  flow, 
which  is  stated  to  usually  occur  in  the  months  of  July  or  August,  is 
about  1,170  cubic  feet  per  second,  or  0.21  of  a  cubic  foot  per  square 
mile  per  second.  This  is  evidently  meant  for  a  few  days  only,  as  the 
same  decision  recites  that  the  low-water  summer  flow  is  from  1,500  to 
1,670  cubic  feet  per  second,  or  from  about  0.3  of  a  cubic  foot  per  square 
mile  per  second  to  0.312  cubic  foot.  It  is  probable,  however,  in  view 
of  the  large  evaporation  of  this  basin,  that  the  low- water  flow  may  be, 
in  some  year  of  extreme  minimum  rainfall,  somewhat  lower  than  this. 

(3)  CHITTEN  AN  GO  CREEK. 

Tnis  stream  has  a  catchment  area  of  306.9  square  miles  above  the 
gauging  station  at  Bridgeport.  It  is  tributary  to  Oneida  Lake,  and, 
like  many  of  the  Oneida  Lake  tributaries,  has  considerable  flat  area. 
The  extreme  flood  is  taken  at  4,105  cubic  feet  per  second,  or  13.3  cubic 
feet  per  square  mile  per  second. 

(4)  ONEIDA  CREEK. 

Kenwood,  the  point  of  gauging  on  this  stream,  is  pretty  well  up 
from  Oneida  Lake,  of  which  the  Oneida  Creek  is  a  tributary.  This 
stream  has  a  rapid  descent  from  the  hills  above  the  point  of  gauging, 
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where  the  catchment  ami  is  only  51*  square  miles,  and  shows  a  maxi¬ 
mum  Hood  of  about  41.2  cubic  fed  per  square  mile  per  second,  with 
ordinary  spring  Hoods  of  1  1.7  cubic  feet  per  square  mile  per  second. 

(,"»)  WOOD  OKKEK. 

This  stream  lias  12(1.5  square  miles  of  catchment  area  above  the 
point  of  gauging,  mostly  flat,  level  country.  The  highest  flood 
reported  was  in  the  spring  of  181*5,  when  the  maximum  run-off  was 
20.8  cubic  feet  per  square  mile  per  second. 

(ft)  WEST  HRAXC’H  OK  KISH  CKKF.K. 

'The  eatehmeiit  area  of  this  stream  above  MeConnellsville,  the 
point  of  gauging,  is  18(1.7  square  miles.  The  swamp  and  marsh  area 
of  this  stream  is  large  enough  to  distribute  the  flood  flows,  thus  keep¬ 
ing  the  maximum,  which  is  reported  as  having  occurred  in  1884, 
down  to  (1. 1 70  cubic  feet  per  second,  or  about  33  cubic  feet  per  square 
mile  per  second.  The  ordinary  flood  flows,  as  taken  from  high-water 
marks  on  MeConnellsville  dam,  indicate  l*'. 4  cubic  feet  per  square 
mile  |hm*  second. 

(7)  EAST  HHAJfCH  OE  KISH  CREEK. 

The  catchment  area  of  this  stream  above  Point  Rock,  where  the 
gauging  station  is  established,  is  quite  different  from  that  of  the 
West  Branch  of  Fish  Creek  above  MeConnellsville.  The  stream 
rises  very  rapidly  and  the  surface  soil  is  such  as  to  give  large  run¬ 
offs.  The  maximum  flood  is  reported  as  having  occurred  in  the  fall 
of  lsi*7,  with  a  total  run-off  of  8,4<Hi  cubic  feet  per  second,  or  80.5 
cubic  feet  per  square  mile  per  second.  The  ordinary  floods,  as  deter¬ 
mined  from  high-water  marks,  art*  about  30.0  cubic  feet  per  square 
mile  per  second. 

(8>  SAI.MON  RIVER. 

This  stream  lias  a  Catchment  area  of  11*0.5  square  miles  above  the 
point  of  gauging,  of  which  at  tout  1<>  to  2o  square  miles  are  flats,  the 
balance  of  the  catchment  area  having  rather  sharp  slopes.  The  soil 
is  sandy.  The  maximum  flood  is  reported  us  occurring  in  tin*  sum¬ 
mer  of  1888,  and  due  to  heavy  summer  rains.  The  maximum  figures 
are  5,ii7<*  cubic  feet  per  second,  or  21*. 7  cubic  feet  per  square  mile  per 
second.  The  ordinary  floods  do  not  exceed  about  18.8  cubic  feet  per 
square  mile  per  second. 

The  proposed  Salmon  River  reservoir  will  have  a  water  surface  of 
about  7.5  square  miles,  and  store  about  7,5oO,(HH),(KHi  cubic  feet.  The 
effect  of  this  storage  would  be  to  very  greatly  reduce  the  floods  on 
this  stream  below  the  reservoir. 

(it)  I’PPER  MOHAWK  RIVER. 

Nos.  (It),  (Ha),  (15),  and  (15a)  of  Table  No.  124  give  particulars  of 
flood  flows  at  Ridge  Mills.  2  miles  above  Rome,  and  at  Little  Falls. 
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The  dam  at  Ridge  Mills,  on  which  the  observations  have  been  made, 
is  that  of  Rome  waterworks,  while  at  Little  Falls  the  gauging  sta¬ 
tion  has  been  established  at  Gilbert’s  dam,  the  lowest  on  the  stream. 
Mr.  Harrison’s  observations  of  March,  1898,  at  Little  Falls,  were  made 
on  what  is  known  as  the  middle  dam. 

Mr.  Harrison’s  data,  both  at  Ridge  Mills  and  Little  Falls,  have  been 
recomputed,  using  the  Cornell  University  coefficients.  The  results 
are  5,266  cubic  feet  per  second,  or  34.5  cubic  feet  per  square  mile  per 
second  at  Ridge  Mills,  and  23,749  cubic  feet  per  second  at  Little  Falls, 
or  18.2  cubic  feet  per  square  mile  per  second.  These  figures  include 
the  amount  of  water  ordinarily  passing  through  the  water  wheels. 
The  catchment  area  above  Ridge  Mills  is  152.5  square  miles  and  above 
Little  Falls  1,306  square  miles,  the  ratio  of  Little  Falls  to  Ridge  Mills 
being  8.564.  The  observations  at  Ridge  Mills  and  Little  Falls  cover 
the  period  from  noon  on  March  12  to  G  a.  m.  on  March  15,  a  second 
maximum  at  Little  Falls  occurring  about  G  p.  m.  on  March  13,  the 
maximum  at  1^  it  tie  Falls  occurring  about  9  a.  m.  on  March  14.  If  we 
assume  the  flow  of  the  several  tributary  streams  above  Little  Falls  to 
have  been  the  same  as  that  of  the  main  Mohawk  River  above  Ridge 
Mills,  the  maximum  discharge  of  the  entire  drainage  area  is  found  by 
multiplying  5,266,  the  flow  in  cubic  feet  per  second  at  Ridge  Mills,  by 
8.5G4,  the  ratio  of  the  catchment  areas.  This  gives  a  maximum  inflow 
into  the  Mohawk  River  above  Little  Falls  of  about  45,000  cubic  feet 
per  second.  Probably,  however,  this  assumption  is  too  large  for  the 
special  case  under  consideration,  as  the  flow  of  the  Oriskany  (  reek 
at  Oriskany,  as  determined  by  Mr.  Harrison  on  March  12,  1898,  was 
only  GOO  cubic  feet  per  second,  or  4.1  cubic  feet  per  square  mile  per 
second. 

If,  however,  we  assume  that  at  some  time  the  total  flow  from  the 
tributary  streams  above  Little  Falls  will  approximate  about  35  cubic 
feet  per  square  mile  per  second,  it  follows  that  we  may  expect  an 
inflow  into  the  valley  above  Little  Falls  of  certainly  45,000  cubic  feet 
per  second,  although  probably  in  March,  1898,  it  did  not  reach  that 
figure.  As  to  why  such  a  flow  is  possible,  we  may  consider  (1)  that  the 
tributary  streams  all  have  a  rapid  descent  from  the  adjacent  high 
ground,  and  (2)  the  large  temporary  storage  of  the  flats  above  Little 
Falls. 

By  way  of  showing  the  character  of  the  inflowing  streams,  the  fol¬ 
lowing  data  relating  to  the  descent  of  a  number  of  the  more  important 
ones  are  cited.  In  the  following  tabulation  we  have  the  name  of  the 
tributary,  distance  from  head  waters  to  the  mouth,  and  the  elevation 
of  the  head  waters,  the  elevation  being  taken  not  at  the  extreme,  but 
usually  at  some  point  where  the  stream  branches,  within  a  short 
distance  of  the  extreme  head  waters. 
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As  flirt  ht*r  show  in*;  that  Fpper  Mohawk  -the  portion  atmvc  Little 
Falls — must  1m*,  so  far  as  delivery  in  the  broad  level  valley  is  con- 
eerned,  a  relatively  rapid  stream,  we  may  consider  that  this  division 
of  the  catchment  area  is  quite  narrow,  being  at  the  extreme  western 
end  about  46  miles  and  at  Flicunlmut  miles.  <  >n  tin*  north  side 
of  the  valley,  I  (lack  River  ('anal,  following  the  general  course  of  the 
river  and  its  chief  t ributary  above  Rome,  the  Lansing  Kill,  rises  to 
an  elevation  of  1,200  feet  on  the  lloonvilh*  summit  in  a  distance  of  25 
miles.  To  the  south  of  Ft iea  the  abandon<*d  Chenango  Canal,  follow¬ 
ing  a  circuitous  route,  reaches  an  elevation  of  1,120  feet  on  the 
Houeksvillc  summit  in  a  distance  of  about  2t  miles. 

The  mean  elevation  of  the  Mohawk  Valley  projjer,  from  a  short 
distance  above  Little  Falls  to  Rome,  may  Ik*  taken  from  about  380  to 
420  or  430.  At  Rome,  alsive  feeder  dam,  tin*  eh*  vat  ion  of  water  surface 
above  mean  sea  level  is  130.5  feet;  at  the  New  York  Central  and 
Hudson  River  Railroad  crossing,  1  miles  east  of  Rome,  it  is  418.4  feet; 
at  the  New  York  Central  and  Hudson  River  Railroad  crossing,  3 
miles  cast  of  Ft ica,  the  water  surface  is  303.3  feet;  at  the  mouth  of  tin* 
Schoharie  Creek  it  is  about  270  feet,  and  at  the  New  York  Central 
and  Hudson  River  Railroad  crossing  at  Schenectady  it  is  214  feet. 
The  foregoing  tabulation,  which  includes  st reams  below  Little  Falls, 
as  well  as  above,  indicates  that  rapid-flood  delivery  is  the  marked 
eharaoterist ic  of  all  the  tributary  Mohawk  streams.  The  data  given 
in  Table  124  of  flood  flows  may  be  further  taken  /is  substantiating  this 
view. 

The  area  of  the  flats  between  Little  Falls  and  Rome  as  computed 
from  the  Tinted  States  Geological  Survey  topographical  sheets  is 
about  21  square  miles,  this  area  including  in  effect  the  flats  between 
400  and  420  contours.  Adding  thereto  somewhat  for  nearly  level 
areas  above  the  420  contour,  we  may  take  total  area  on  which  tempo¬ 
rary  pondage  may  exist  during  flood  flows  at  something  like  30  square 
miles.  The  effect  of  this  pondage,  so  long  as  the  present  natural  con¬ 
ditions  are  maintained,  will  be  to  considerably  lengthen  the  period  of 
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Hood  run-off  at  Little  Falls,  thus  decreasing  Hie  maximum  at  that 
place. 

The  Mohawk  River  flood  of  August  24  to  2G,  1898,  may  be  referred 
to.  On  August  28  and  24  very  heavy  thunderstorms  occurred  through¬ 
out  the  central  and  eastern  portions  of  the  State.  They  were  espe¬ 
cially  severe  about  Utica,  with  the  result,  so  far  as  can  be  learned,  of 
yielding  a  nearly  unprecedented  summer  flood  in  Mohawk.  The 
Mohawk  flats  between  Herkimer  and  Rome  were  so  far  covered  with 
water  as  to  do  great  damage  to  standing  crops.  The  water  was  still 
standing  on  the  flats  on  the  afternoon  of  August  27,  but  was  down  into 
the  channel  again  on  the  afternoon  of  the  28th.  On  referring  to  Table 
No.  124,  we  learn  that  the  Nine  Mile  Creek  at  Stittville,  with  a  catch¬ 
ment  area  of  62.6  square  miles,  flowed  on  August  25  approximately 
7,820  cubic  feet  per  second,  or  124.9  cubic  feet  per  square  mile  per 
second.  The  West  Canada  Creek  at  Middleville,  where  the  catch¬ 
ment  area  is  518.7  square  miles,  gave  a  flow  on  August  25,  1898,  of 
about  12,950  cubic  feet  per  second,  or  about  24.9  cubic  feet  per  square 
mile  per  second.  The  East  Canada  Creek  also  showed  a  flow  of  6,330 
cubic  feet  per  second,  or  24.7  cubic  feet  per  square  mile  per  second. 
Probably  these  flows  were  for  very  short  periods,  perhaps  two  or 
three  hours,  because  the  highest  flow  over  the  middle  dam  at  Little 
Falls,  the  one  on  which  Mr.  Harrison  made  his  gaugings,  was  about 
4  feet  to  4.5  feet  in  depth,  equivalent  to  from  12,000  to  14,000  cubic 
feet  per  second,  the  temporary  storage  of  the  flats  reducing  the  quan¬ 
tity  at  Little  Falls  very  greatly. 

By  way  of  showing  the  quantity  >f  rainfall  which  caused  the  flood  of 
August  24  and  25,  1898,  the  following  precipitations  at  a  number  of 
points  in  the  central  and  eastern  portions  of  the  State  are  cited  from 
the  monthly  report  of  the  New  York  State  Weather  Bureau: 


Name  of  place. 

Rainfall 
August  23. 

Rainfall 
August  24. 

Total. 

Cooperstown . . .  . .  . 

Inches. 

1.96 

Inches. 

1.40 

Inches. 

3. 36 

Oneonia .  .  . . . . . 

1.  10 

2.18 

3. 28 

Glove rsville .  . . . . . . 

1.24 

1.30 

2.54 

Little  Falls  (near  city) . . . . . . . . 

0.64 

0. 56 

1.20 

Little  Falls  reservoir  (8  miles  north) . . . . 

1.68 

2. 78 

4.46 

Number  Four . . . . 

1.71 

0. 88 

2. 59 

Kings  Station  . . . . . . . 

0. 35 

2.36 

2. 71 

Albany . . . . . . 

0. 50 

1.83 

2. 35 

Greenwich - - - - 

1.16 

1.58 

2.  74 

Rome . . .  .  . . . . 

1.20 

1.40 

2. 60 

Saratoga  Springs .  . . . . .  .  .  . .  . 

0.23 

1.79 

2.02 

Watertown - - - - - - 

• 

1.45 

0. 43 

1.88 

Taking  all  the  facts  into  consideration,  there  seems  to  be  no  rea¬ 
sonable  doubt  but  that  the  streams  tributary  to  Mohawk  River  above 
Little  Falls  for  a  short  time  on  August  24  or  25  delivered  water  into 
the  flat  area  at  the  rate  of  perhaps  40,000  cubic  feet  per  second.  By 
way  of  illustrating  further  why  this  large  inflow  did  not  produce  a 
greater  flow  at  Little  Falls,  we  may  consider  that  for  from  thirty  to 
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fifty  days  previous  to  August  23  the  rainfall  on  and  in  the  vicinity 
of  .Mohawk  catchment  area  had  been  rather  low.  The  total  for 
Mohawk  Valley  in  July  as  deduced  from  Weather  Bureau  stations  at 
Little  Falls,  Canajoharie,  St.  Johnsville,  and  Home  was  3.93  inches, 
2.53  inches  of  this  having  fallen  on  July  Is  and  19.  The  concentra¬ 
tion  of  the  rainfall  of  the  month  into  these  two  days  had  the  effect  of 
sending  a  very  large  portion  of  it  into  the  streams,  only  a  small  por¬ 
tion  going  to  replenish  ground  water.  <  Mi  August  1  the  Mohawk  Val¬ 
ley  record  shows  IAS  inches  precipitation,  the  total  for  that  month 
being  7.12  inches.  We  may  assume,  therefore,  that  ground  water 
was  rather  low  August  23.  lienee  Mohawk  flats  were  in  shape  to 
absorb  a  considerable  portion  of  the  wafer  delivered  upon  them  into 
the  interstices  below  the  surface.  Assuming,  as  already  stated,  30 
square  miles  to  lx*  more  or  less  affected  by  such  an  inflow,  and  fur¬ 
ther  assuming  the  interstices  of  the  soil  of  this  30  square  miles  to  be 
for  the  first  s  or  10  feet  of  depth  about  30  to  40  per  cent  of  the  whole 
volume,  we  reach  the  conclusion  that  the  temporary  storage  of  the 
flats  may  have  been  as  much  as  3,000,000,000  to  4,000, 000, (M‘>0  cubic 
feet,  which  sufficiently  explains  why  tin*  outgo  at  Little  Falls  did  not 
exceed  12,(hmi  to  14,000  cubic  feet  per  second. 

An  application  of  tin*  foregoing  discussion  of  floods  in  Mohawk 
River  above  Little  Falls  maybe  made  to  the  proposed  deep-water¬ 
ways  channel  in  this  way.  So  long  as  present  conditions  are  main¬ 
tained  the  flood  flows  above  Little  Falls  are  distributed  and  reduced 
about  one-half  in  intensity  at  that  place.  If,  however,  tin*  whole  vol¬ 
ume  be  taken  into  the  new  channel,  conditions  are  so  far  changed  as 
to  make  it  necessary  to  dispose  of  the  whole  quantity  at  Little  Falls 
practically  at  once.  The  author's  view  is,  therefore,  that  the  spill¬ 
way  arrangements  of  locks  at  that  point  should  provide  for  at  least 
.'>0,000  cubic  feet  per  second  if  the  whole  flow  of  t  lie  tributary  streams 
above  that  place  be  taken  into  the  deep  waterways  canal.  If,  on 
the  ot  her  hand,  diversion  channels  are  const  meted  divert  ing  Mohawk 
River  above  Rome  into  Wood  Creek  catchment  area,  and  Oriskany 
and  Suuquoit  creeks  into  an  independent  channel,  delivering  them  at 
Little  Falls,  outside  of  the  canal,  then,  in  that  ease,  of  course  propor¬ 
tionate  reductions  may  1m*  made. 

The  foregoing  figures,  however,  do  not  take  into  account  the 
extreme  maximums;  so  far  as  can  be  now  seen,  from  40,000  to  50,000 
cubic  feet  ]x*r  second  delivery  into  the  flats  above  Little  Falls  is  rather 
common.  The  extreme  maximum  must  lx*  considerably  greater  than 
this.  Without  being  able  to  cite  specific  floods  proving  the  state¬ 
ment,  the  author  is,  nevertheless,  disposed  to  say,  taking  into  account 
the  known  maximum  floods  of  other  streams  of  the  State — as,  for 
instance,  Chemung,  Genesee,  and  Croton  rivers — that  at  some  time 
Mohawk  River  above*  kittle  Falls  may  yield  something  like  <>0,000  to 
7<>, (MM)  cubic  feet  per  second,  or  at  the  rate  of  perhaps  40  to  54  cubic 
feet  per  square  mile  per  second. 
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A  study  of  the  flood  flows  of  Mohawk  River  would  be  incomplete 
without  some  reference  to  the  surface  geology  of  the  catchment  area. 
The  main  trough  of  the  valley  lies  entirely  within  the  horizon  of  Hud¬ 
son  River  and  Utica  shales,  where  the  soils,  aside  from  immediately 
in  the  flat,  level  valley,  are  heavy  and  compact.  On  the  north  side, 
beyond  the  horizon  of  the  shales,  Trenton  limestone  and  calciferous 
and  sand  rock  appear.  At  Little  Falls,  St.  Johnsville,  and  Amster¬ 
dam  these  formations  extend  down  into  the  valley  to  the  thread  of 
the  stream.  To  the  north  of  the  Trenton  limestone  and  calciferous 
sand  rock  the  Laurentian  granite  appears,  the  headwaters  of  West  and 
East  Canada  creeks  lying  in  this  formation,  while  the  less  extended 
streams  on  the  north  side  terminate  either  in  the  shale  or  limestone 
and  sand  rock  horizons.  In  the  vicinity  of  Fonda,  Johnstown,  Glov- 
ersville,  and  Mayfield  the  shale  formations  extend  for  some  distance 
to  the  north  of  the  trough  of  the  valley,  as  also  t  liey  do  farther  east, 
to  the  north  of  Schenectady. 

To  the  south  of  the  trough  of  Mohawk  Valley  we  have,  first,  the 
shales,  followed  in  ascending  series  by  the  Medina  and  Oneida  sand¬ 
stones,  the  shales  and  limestones  of  the  Clinton  format  ion,  the  Niagara 
limestones,  the  rocks  of  the  salt  group,  the  Ilelderberg  limestone,  the 
Oriskany  sandstone,  the  Onondaga  limestone,  and,  finally,  the 
extended  area  covered  by  the  Catskill  and  Chemung  sandstones.  The 
headwaters  of  Schoharie  Creek  issue  mostly  from  Catskill  formation, 
although  the  extreme  headwaters  flow  from  off  Oneonta  sandstone, 
which,  however,  is  closely  allied  to  Catskill.  The  shorter  streams  on 
the  south  side  issue  from  the  horizon  of  Hudson  and  Utica  shales,  the 
same  as  short  streams  to  the  north. 

The  soils  of  a  large  proportion  of  Mohawk  River  catchment  area 
are  consequently  heavy  and  impermeable,  and  further  tend  to  give 
heavy  run-offs  at  time  of  flood  flow. 

LOWER  MOHAWK  RIVER. 

As  regards  flood  flows,  Mohawk  River  divides  naturally  at  Little 
Falls.  Below  that  point  the  flat  area  is  relatively  more  restricted, 
and  the  flood  flows  probably  larger  in  volume  than  at  Little  Falls. 
Serial  number  20  of  Table  No.  124  gives  particulars  of  the  highest 
flood  at  Rexford  Flats  just  below  Schenectady,  where  the  catchment 
area  is  3,384.9  square  miles.  According  to  the  Report  on  Water 
Power  in  the  United  States  of  the  Tenth  Census,  in  an  extreme  flood 
which  occurred  about  1800  to  1865,  there  is  stated  to  have  been  a  depth 
of  12  feet  of  water  on  the  Cohoes  dam,  which  is  1,400  feet  in  length. 
If  such  a  depth  actually  occurred,  the  discharge  may  have  been  over 
200,000  cubic  feet  per  second.  Probably,  however,  it  was  only  tem¬ 
porary  and  due  to  an  ice  gorge  at  some  point  above.  The  information 
at  hand  does  not  indicate  over  about  78,350  cubic  feet  per  second,  or 
23.1  cubic  feet  per  square  mile  per  second  at  Rexford  Flats  dam. 
The  maximum  must,  however,  be  very  much  larger  than  this. 

H.  Doc.  149 - 51 


SO  2 


I)KKI*  WATERWAYS. 


(10)  NINE  MILE  C'KKKK. 

Tin*  heavy  run-off  of  this  stream  of  August  25,  lsitx,  of  7,820  cubic 
feet  per  second,  or  124.9  cubic  feet  per  square  mile  per  second,  has 
already  been  referred  to  and  the  reasons  therefor  given  hi  dismissing 
the  Mohawk  River.  Mr.  Harrison’s  gaugingsof  March  12,  1 808,  show 
1 , Si m i  cubic  feet  per  second,  or  2s.  7  cubic  feet  per  .-qua re  mile  per 
second. 

(11)  OKISKANY  CREEK. 

This  stream  is  stated  to  have  given  a  Mood  flow  in  the  spring  of  1890 
of  7,7*10  cubic  feet  per  second,  or  7*2.7  cubic  feet  per  square  mile  per 
second.  On  March  12,  1S9S,  Mr.  Harrison’s  gauging*  showed  9< Mi  cubic 
feet  per  second  flowing. 

(12)  oKISKAXY  CREEK  AT  Col.MAXS. 

A  gauging  station  was  also  established  at  Columns  on  the  Oriskany 
Creek,  where  the  catchment  area  is  1P>.7  square  miles,  tin*  area  at 
Oriskany  lieing  144.3  square  miles.  The  object  of  establishing  the 
Columns  station  was  to  obtain  comparative  data  as  to  flow  over  two 
dams  on  the  same  stream.  The  maximum  Mood  reported  is  for  the 
spring  of  1  sxs,  when  the  extreme  flow  was  7,83o  cubic  feet  per  second, 
or  55.8  cubic  feet  per  square  mile  per  second.  These  figures,  it  will 
be  noticed,  coni  pari*  very  closely  with  the  flow  reported  as  taking 
place  at  Oriskany  in  the  spring  of  1890. 

(18)  SAI'Wt'OIT  CREEK. 

Tin*  figures  for  this  stream  are  not  very  definite,  but,  as  far  as  they 
go,  indicate  that  flows  of  53.4  cubic  feet  per  square  mile  per  second 
are  common. 

(14)  WEST  CANADA  CREEK. 

The  ext  remo  Mow  of  t  his  st  ream  is  reported  to  have  occurred  August 
25,  1  S9S,  as  already  discussed  in  the  chapter  on  Mohawk  River.  On 
March  20,  1X9*,  after  tin*  extreme  Mow  of  last  spring  had  passed  by, 
Mr.  Harrison  determined  a  Mow  of  4,3MO  cubic*  feet  i*er  second,  or  8.4 
cubic  feet  per  square  mile  per  second. 

(15)  mohawk  river  at  utti.e  falls. 

The  information  at  this  station  has  already  been  presented  in  the 
chapter  on  Mohawk  River. 

(1(5)  EAST  CANADA  CREEK. 

The  maximum  Mow  of  this  stream  is  also  reported  as  having  occurred 
August  25,  1898,  amounting  to  0,330  cubic  feet  per  second,  or  24.7 
cubic  feet  |R*r  square  mile  per  second.  It  is  probable  that  the  heavy 
rainfall  of  August  23  and  24  did  not  extend  over  the  greater  part  of 
this  basin.  At  North  Lake  the  rainfall  of  these  two  days  was  only 
0.89  inch. 
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(17)  GAROGA  CREEK. 

So  far  as  can  be  learned,  the  flow  of  this  stream  is  tolerably  con¬ 
stant,  extreme  floods  not  having  occurred  in  recent  years.  The 
reported  figures  indicate  15.8  cubic  feet  per  square  mile  per  second. 

(18)  CAYADUTTA  CREEK. 

This  stream  has  a  catchment  area  of  40  square  miles  and  is  reported 
to  have  given  in  1890  a  flow  of  72.4  cubic  feet  per  square  mile  per 
second. 

(19)  SCHOHARIE  CREEK. 

The  catchment  area  of  this  stream  above  the  point  of  gauging  is 
946. 7  square  miles  and  is  reported  to  have  given  a  maximum  flood  in  1892 
of  41,300  cubic  feet  per  second,  or  44  cubic  feet  per  square  mile  per 
second.  The  ordinary  floods  of  this  stream  are  from  30,000  to  35,000 
cubic  feet  per  second.  As  stated  in  the  chapter  on  the  Mokawk 
River,  the  headwaters  of  Schoharie  Creek  issue  from  the  horizon  of 
the  Catskill  sandstone,  which  is  closely  allied  to  Chemung,  from 
whence  it  is  probable  that,  like  Genesee  River,  in  the  western  part 
of  the  State,  the  floods  are  not  only  frequent  lint  heavy.  Indeed, 
tradition  ascribes  to  this  stream  exceedingly  heavy  floods. 

(20)  MOHAWK  RIVER  AT  REXFORI)  FLATS. 

Already  discussed  in  the  chapter  on  Mohawk  River. 

(21)  HUDSON  RIVER. 

The  maximum  flood  of  this  stream  is  stated  to  have  occurred  in  the 
spring  of  1869,  and  amounted  to  about  70,000  cubic  feet  per  second,  or 
15.5  cubic  feet  per  square  mile  per  second.  Gaugings  have  been 
made  at  Mechanicville  for  eleven  years,  the  highest  flood  during  the 
gauging  period  having  been  59,400  cubic  feet  per  second  on  April  9, 
1896.  The  large  pondage  on  natural  lakes  and  ponds  on  the  head¬ 
waters  of  Hudson  tends  to  reduce  the  severity  of  the  floods.  Table  No. 
124  also  includes  information  as  to  floods  at  Fort  Edward,  on  Hudson 
River,  as  derived  from  the  gaugings  kept  at  that  place  for  the  last 
three  years.  On  April  18, 1896,  the  water  stood  on  the  crest  of  the  Fort 
Edward  dam  at  the  height  of  8. 1 6  feet,  giving  a  computed  flow  of  41,675 
cubic  feet  per  second,  or  14.7  cubic  feet  per  square  mile  per  second. 
The  water  wheels  of  the  Fort  Edward  mill  of  the  Glens  Falls  Paper 
Mill  Company,  when  all  running,  use  4,000  cubic  feet  of  water  per 
second.  The  gauging  record  shows  that  they  were  all  idle  on  April 
18,  1896.  The  ordinary  floods  at  Fort  Edward,  as  determined  from 
the  last  three  years’  record,  may  be  taken  at  about  26,000  cubic  feet 
per  second,  or  9.2  cubic  feet  per  square  mile  per  second. 
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(22)  To  (28)  WEST  BRANCH  OK  FISH  CKKKK. 

Iii  this  division  will  1m*  found  such  information  us  lms  been  obtained 
ms  to  flood  flows  of  the  upper  seetion  of  West  Branch  of  Fish  Creek, 
the  eoniputed  quantities  being  based  on  actual  measurements  of  the 
lengt  hs  and  on  approximate  cross  sect  ions  of  t  lu*  several  dams,  as  well 
as  on  well-defined  flood  marks  at  each  dam. 

(21))  FISH  CREEK. 

According  to  Mr.  Harrison,  the  flow  of  Fish  (’reek  below  the  mouth 
of  Wood  Creek  on  March  la,  1898,  was  7,597  cubic  feet  per  second. 

(30)  FISH  CREEK. 

The  previous  gauging,  No.  (29),  of  Fish  Creek  included  the  flow 
of  both  Fish  and  Wood  creeks,  while  tin*  present  one,  No.  (30), 
includes  only  t he  Fast  and  West  branches  of  Fish  Creek  as  gauged 
March  14,  1898,  by  Mr.  Harrison  at  a  point  a  short  distance  below 
la  berg  stat  ion.  The  flow  was  found  to  be  5,S75  cubic  feet  per  second, 
or  13.2  cubic  feet  per  square  mile  per  second. 

(81  AND  82)  MAO  RIVER. 

'Fli is  stream  is  tributary  to  tin*  West  Branch  of  Fish  Creek  at  Cam¬ 
den.  The  reported  figures  indicate  a  maximum  flow  of  21  cubic  feet 
per  square  mile  per  second. 

(38)  NORTH  BRANCH  OF  HIO  SANDY  CREEK. 

This  stream,  with  several  following,  is  tributary  to  the  proposed 
Black  River  feeder.  It  descends  rapidly  from  a  region  of  heavy  soils 
underlaid  by  Trenton  limestone,  the  maximum  flow  reported  amount¬ 
ing  to  (57.3  cubic  feet  per  square  mile  per  second. 

(34)  SOUTH  BRANCH  OF  BIO  SANDY  CREEK. 

This  stream  is  also  tributary  to  Black  River  feeder.  The  maximum 
flood  reported  *7.7  cubic  feet  per  square  mile  per  second. 

(35)  SKINNER  CREEK. 

This  stream  has  a  very  small  catchment  area  of  0.4  square  miles. 
The  maximum  flood  is  given  at  124.2  cubic  feet  jM*r  square  mile  per 
second. 

(Sit)  TROUT  BROOK. 

The  maximum  flood  reported  on  this  stream  is  50.0  cubic  feet  per 
square  mile  {M*r  second. 
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(37)  SALMON  RIVER  AT  ALTMAR. 

A  comparison  of  the  data  at  this  place  with  those  obtained  at  the 
gauging  station  1  mile  above  Salmon  Falls  shows  as  follows: 


Cubic  feet  per 
second. 

Cubic  feet  per 
second  per 
square  mile. 

Maxi¬ 

mum. 

Ordi¬ 

nary. 

Maxi¬ 

mum. 

Ordi¬ 

nary. 

Ganging  station . . . . . . 

5, 670 
6, 100 

3, 580 
4,045 

29.7 

27.6 

18.8 

18.3 

Altmar7 . . .  . .  . . . . 

These  results  compare  as  well  as  flood  computations  from  data  of 
different  dams  can  be  expected  to  compare. 

(38)  BEAVER  DAM  CREEK. 

This  stream  is  reported  as  giving  a  maximum  of  111  cubic  feet 
per  square  mile  per  second  from  a  catchment  area  of  20.7  square 
miles. 

(39  TO  52)  FLOODS  ON  BLACK  RIVER  AND  TRIBUTARIES. 

Heavy  floods  have  occurred  on  Black  River  in  1807,  1833,  1850,  1857, 
1802,  1866,  1869,  and  1896.  The  flood  of  April  20  to  24,  1869,  was 
specially  heavy,  there  being  a  heavy  snow  fall  over  nearly  the  entire 
catchment  area,  which  melted  rapidly  that  year.  In  addition  to  the 
ground  being  heavily  covered  with  snow,  about  2.2  inches  of  rain  fell 
in  some  parts  of  Black  River  catchment  basin  from  April  17  to  23, 
though  this  quantity  of  rain,  which  was  only  over  a  portion  of  the 
catchment  area,  hardly  explains  the  severity  of  the  flood.  The 
greater  portion  of  the  water  evidently  came  from  rapid  melting  of 
snow. 

On  April  21,  1869,  the  banks  of  North  Lake  reservoir,  a  structure 
maintained  by  the  State  for  the  purpose  of  storing  water  for  Black 
River  and  Erie  canals,  gave  way,  precipitating  into  the  already 
heavily  swollen  stream  about  350,000,000  cubic  feet  of  water.  This 
accident  was  made  the  basis  of  large  claims  for  damages  against  the 
State,  which  were  tried  before  the  canal  appraisers  in  the  summer  and 
fall  of  1869.  The  testimony  in  this  case,  which  included  two  large 
octavo  volumes  of  over  1,200  pages,  is  the  source  of  the  following 
information  as  to  flood  flows  of  Black  River  and  its  tributaries  in  the 
spring  of  1869: 

The  Black  River  flood  of  April,  1869,  was  studied  by  David  M. 
Green,  Samuel  McElroy,  William  J.  McAlpine,  L.  L.  Nichols,  and 
other  hydraulic  engineers  of  that  day.  The  testimony  may,  there¬ 
fore,  be  referred  to  as  furnishing  unusually  good  flood  data.  The 
information  embodied  in  Table  No.  124,  serial  numbers  39  to  50,  inclu¬ 
sive,  is  derived  from  a  table  prepared  by  L.  L.  Nichols,  to  be  found 
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in  volume  1  of  1  he  testimony,  page 'i40.  Mr.  Nichols  states  in  his  tes¬ 
timony  that  lie  not  only  measured  tin*  lengths  of  the  crests  of  the 
dams  on  the  several  streams  for  which  the  flood  flows  are  given,  hut 
that  lie  also  inst  rumentally  determined  tin*  height  of  flood  marks  above 
tin*  crests.  This  work  was  done  within  a  few  months  after  the  flood, 
while  the  matter  was  fresh  in  the  minds  of  everybody,  lie  further 
states  that  the  tabulated  flood  flows  were  obtained  by  computing  with 
Francis's  formula  for  discharge  over  sharp-nested  weirs  with  clear 
overfall.  The  dams,  however,  on  which  tin*  flood  flows  were  meas¬ 
ured  were  of  such  a  form  a*'  to  indicate  the  use  of  Cornell  experiments 
Nos.  1  or  2,  as  giving  more  nearly  the  actual  flows,  and  accordingly 
the  flows  have  been  recomputed  for  'fable  No.  124  by  the  use  of  the  said 
coefficients.  By  way  of  showing  the  relation  between  the  flows  as 
per  Francis’s  formula  and  by  Cornell  experiments  Nos.  1  and  2,  the 
following  table  is  submitted,  the  last  column  giving  the  difference 
Ijetwecn  Francis’s  formula  and  tin*  mean  of  experiments  Nos.  1  and  2 
as  a  per  cent  of  the  flow  by  Francis’s  formula: 


Cubic  foct 
per 

i*t  aeconil 
foot 

11 fin  1  on  rreat.  in  foot. 

Cornell  »>x 
|M<nim<ut» 
N..H 

1  uml  2. 

Frnncin'a 

formula 

(ll 

(t) 

(3) 

0. 5 . 

ii  1  17 

1  1H 

1.0 . 

ii  1  ll 

3. 33 

1.5 . 

oil  541 

H  12 

2.0 . 

111  H 1 

0  42 

2  5 . . 

14  50 

13  IH 

3.0 . 

10  12 

17  30 

3.6 .  . 

24  20 

21  1*1 

4  0 _  _  _ 

20  lifl 

SB  04 

4  5 . 

5  n . 

36  40 

41  4*1 

31.73 
37  20 

Difference 

of 

t'oluinn* 

2  mill  8. 


*  4  < 


o.ni 
•i»  ll 
0.  47 
1.  OK 
1.43 

1 .  nil 

2. :» 
3  It* 
3.  it* 
tat 


Dlffi-rence 

111  ll  J»T 
•'••lit  of 
flow  by 
Prancin' e 
formula. 


(5) 


OH 
3  3 
7.  i 
in  4 
in  h 

10  3 
10 

113 

11  4 
11  5 


i  .Moan  taken. 

In  passing  it  may  be  remarked  that  with  the  exception  of  Hudson, 
Chemung,  Croton,  uml  (ienesee  rivers  all  of  the  flood  flows  over  dams 
included  in  'fable  X<>.  124  have  been  computed  by  either  Bazin's 
coefficients  or  bv  the  coefficients  deduced  from  the  Cornell  Cniversitv 

»  v 

experiments. 

According  to  statement  of  Samuel  McElrov,  in  Black  River  flood 
cases,  in  its  course  from  head  waters  in  Hamilton  County  to  Lake 
Ontario  at  Dexter,  Black  River  has  topographically  three  distinct 
subdivisions:  (1)  The  up]>er  valley  above  Lyons  Falls;  (2)  the  long 
level  stretch  from  Lyons  Falls  to  Carthage,  and  (3)  the  lower  valley 
with  rapid  fall  from  Carthage  to  Black  River  Bay.  The  second  divi¬ 
sion,  from  Lyons  Falls  to  Carthage,  is  a  broad,  flat  valley  with  a  bot¬ 
tom  area  of  from  30  to  3 a  square  miles. 

The  catchment  area  <>f  the  whole  river  above  I  )exter  is  1,030.2  square 
miles;  above  Carthage,  1,S12.2  square  miles,  and  above  the  mouth  of 
the  Moose  River,  403  square  miles.  The  following  are  the  areas  of 
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the  principal  tributaries:  Deer  River,  at  mouth,  102  square  miles; 
Beaver  River,  at  mouth,  337.5  square  miles;  Moose  River,  at  mouth, 
415.5  square  miles;  Woodhull  Creek,  at  mouth,  108.4  square  miles; 
Otter  Creek,  above  Casler’s  dam,  63  square  miles;  Independence 
Creek,  93.2  square  miles. 

The  descent  of  the  river  above  Lyons  Falls,  as  well  as  below  Car¬ 
thage,  is  very  rapid.  At  North  Lake  reservoir  the  elevation  is  1,821 
feet  above  tide;  at  Forestport,  1,126  feet;  at  Lyons  Falls,  above  the 
dam,  799  feet,  and  at  Carthage,  723  feet.  At  Dexter,  at  Lake  Ontario 
level,  the  elevation  is  247  feet. 

Throughout  the  flat  portion  of  the  stream,  between  Lyons  Falls  and 
Carthage,  the  river  at  ordinary  stages  ranges  from  250  to  300  feet 
wide,  increasing  to  about  500  feet  above  the  Carthage  dam,  which  is 
966  feet  long.  In  a  powerful  freshet  like  that  of  1869  the  flats  on  each 
side  are  overflowed  to  a  great  width  and  considerable  depth,  the  quan¬ 
tity  of  water  accummulated  in  large  floods  being  computed  at  from 
4,000,000,000  to  6,000,000,000  cubic  feet.  If  we  take  into  account  the 
water  held  in  the  interstices  of  the  soil,  the  temporary  storage  is  con- 
siderably  higher  than  indicated  by  these  figures.  In  this  reach  of  the 
river,  which  is  alluvial  in  its  formation,  there  are  now  two  dams  of  4 
feet  each,  with  locks  for  facilitating  navigation. 

The  river  has  no  affluents  of  any  magnitude  below  Carthage,  but  a 
few  miles  above  that  place,  on  the  west  side,  Deer  River  comes  in. 
There  are  also  a  number  of  secondary  creeks  bet  ween  Deer  River  and 
Lyons  Falls.  On  the  east  side  the  chief  affluents  are  Beaver  River, 
Independence  Creek,  Otter  Creek,  and  other  secondary  creeks  below 
Lyons  Falls,  with  Moose  River  flowing  in  just  above  Lyons  Falls.  All 
of  these  streams  between  Carthage  and  Lyons  Falls  have  very  rapid 
descents,  with  consequent  large  flood  flows. 

The  following  table  gives  the  catchment  area  of  Otter  and  Inde¬ 
pendence  creeks,  as  well  as  of  Beaver  and  Deer  rivers  and  Black 
River,  including  Moose  above  Lyons  Falls,  together  with  the  flood 
flows  for  April,  1869,  the  flood  flows  having  been  corrected  from  Mr. 
Nichols’s  original  table  by  the  use  of  the  Cornell  coefficients  in  the 
manner  already  described: 


Name  of  stream. 

Catchment 

area. 

Flood  flow. 

Sq.  miles. 
63.0 
93.  3 
322. 3 
100. 8 
878. 5 

Cu.ft.  per 
second. 

1.944 
6, 300 
5, 383 
7,881 
40,400 

Beaver . . _ . 

Black  . 

Total . . .  --- 

1,457.8 

61,807 

From  this  table  it  appears  that  a  catchment  area  of  1,457.8  square 
miles  yielded  a  maximum  flood  flow  about  April  22,  1869,  of  61,807 
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cubic  fed  per  .second,  or  at  the  rate  of  42.3  cubic  feet  per  square  mile 
per. second.  The  total  area  above  Carl  huge,  however,  is  1,H12. 2  square 
miles.  Assuming  the  same  average  flow  from  the  balance  of  the 
catchment  area  as  from  the  1,457.x  square  miles  included  in  the 
streams  tabulated,  it  follows  that  the  total  inflow  to  the  pond  area 
between  (.'art  hage  and  Lyons  Falls  was  at  tin*  rate  of  75,  X30  cubic  feet 
per  second.  'Fable  No.  124  shows,  however,  that  the  greatest  flow  at 
Carthage,  which  occurred  April  23,  1X69,  was  only  39,529  cubic  feet 
per  second,  t  In*  effect  of  t In*  temporary  pondage  above  that  place  hav¬ 
ing  been  to  reduce  the  flood  from  about  7*5,000  cubic  feet  per  second 
to  about  40,00<>  cubic  feet  per  second. 

Inasmuch  as  there  an*  no  affluents  to  the  stream  below  ('art huge, 
there  is  no  special  reason  why  the  flood  flow  below  that  place  should 
have  any  higher  rate  than  at  Carthage.  ’Flu*  reported  flow  at  Water- 
town  in  April,  ls*;9,  of  39.09*5  cubic  feet  per  second  is  therefore  con¬ 
sidered  as  fairly  justifying  the  Carthage  figure.  A  comparison  of  the 
two  shows  at  any  rate  that  the  error  is  not  likely  to  be  more  than  a 
few  per  cent.  As  shown  by  table  No.  124,  flood  flows  of  from  27,*mm) 
to  2*,* HK)  cubic  feet  were  measured  on  black  River  in  189*5  and  in  1S9X. 

(.VP  CHi'ToN  RIVER. 

The  watershed  of  Croton  Kiver  consists  of  a  broken,  hilly  country 

v  V 

with  its  surface  soil  composed  principally  of  sand  and  gravel.  Clay, 
hardpan,  and  peat,  while  found  in  a  few  localities,  are  for  the  whole 
area  only  present  to  a  limited  extent.  'Flu*  rock  formation  consists 
generally  of  gneiss,  although  strata  of  limestone,  some  micaceous  and 
taleo.se  slates,  with  veins  of  granite,  serpentine,  and  iron  ore,  occur  in 
a  few  places.  'Flic  catehmcnt  area  is  about  .’FIX  square  miles  above  the 
old  Croton  dam,  at  which  point  daily  run-off  measurments  have  been 
made  since  ls'»7.  According  to  .1.  .1.  R.  Crocs  there  is  a  well-attested 
case  of  a  maximum  flood  of  25,370  cubic  feet  per  second,  or  74.!*  cubic 
feet  persquure  mile  per  secomd.  In  reference  to  these  figures  it  may 
be  remarked  that  probably  they  have  been  obtained  by  the  use  of 
Francis's  formula.  Flu*  profile  of  t  he  old  ( 'roton  dam,  how  over,  shows 

a  rounded  crest  which,  . . rding  to  Bazin's  coefficient.  Series  No.  193, 

would  give,  above  .*>  feet  depth  on  the  crest,  a  discharge  from  37  to  38 
per  cent  higher  than  Francis’s  formula.  The  maximum  flood  of  the 
Croton  may  therefore  be  from  30,* K)0  to  35,000  cubic  feet  per  second, 
or  possibly  as  high  as  103  cubic  feet  per  square  mile  per  second. 

(.*>4)  To  (56)  O  EXES  EE  RIVER. 

Floods  have  occurred  on  thi>  stream  in  1X15,  1X35,  1857,  1S*’>5,  1X78, 
1 S*. »4 ,  and  1X9*5,  the  heaviest  of  all  being  the  flood  of  March  19,  1865, 
at  which  time,  according  to  the  best  available  information,  the  flow  at 
Rochester  must  have  been  in  the  vicinity  of  4<>,(MH>  cubic  feet  i>er 
second,  or  at  the  rate  of  1*5.5  cubic  feet  per  square  mile  per  second 
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The  general  description  of  the  subdivisions  of  the  topography  of 
Black  River  may  be  taken  as  applying  to  Genesee  River.  Within 
the  limits  of  the  city  of  Rochester  the  stream  falls  about  260  feet, 
while  immediately  to  the  south  of  Rochester  begins  an  extended  area 
of  from  60  to  80  square  miles  of  flat  valley,  which  continues  to  Mount 
Morris  and  Dansville,  a  distance  of  over  50  miles.  Above  Mount 
Morris  the  stream  rises  rapidly  to  Portage,  where  another  area  of 
broad  valley  begins,  though  much  less  extensive  than  that  between 
Rochester  and  Mount  Morris.  The  following  gives  the  elevation  of 


Genesee  River  at  various  points  throughout  its  course: 

Feet. 

Mean  surface  of  Lake  Ontario . . . . . . .  247 

Crest  of  the  feeder  dam  in  south  part  of  the  city  of  Rochester _ 510 

Low-water  surface  of  river  at  New  York,  Lake  Erie  and  Western  Railway 

bridge  near  Avon  _ _ . . _ _ _ _  538 

Crest  of  old  Mount  Morris  power  dam .  . . . . . .  G05 

Water  surface  just  above  Upper  Falls  at  Portage _  _  1, 080 

Water  surface  at  New  York,  Lake  Erie  and  Western  Railway  bridge  near 

Bel  videre . . . . . .  1, 333 

Extreme  head  waters  in  Potter  County,  Pa. . . . . . 2,000 


As  in  the  case  of  Mohawk  and  Black  rivers,  the  temporary  pondage 
between  Rochester  and  Mount  Morris  and  Dansville  tends  to  reduce 
the  maximum  flood  at  Rochester  far  below  what  it  would  be  without 
such  temporary  storage.  Thus,  on  May  21,  1804,  the  upper  river  gave 
at  Mount  Morris,  where  the  catchment  area  is  1,070  square  miles,  a 
maximum  flood  of  42,000  cubic  feet  per  second,  or  30.2  cubic  feet  per 
square  mile  per  second.  At  Rochester,  however,  the  flow  of  the  May, 
1894,  flood  did  not  at  anytime  exceed  about  20,000  cubic  feet  per  sec¬ 
ond.  The  author  has  discussed  Genesee  River  flood  of  May,  1894, 
extensively  in  a  report  on  the  Genesee  storage  project  in  the  annual 
report  of  the  State  engineer  and  surveyor  for  1896,  to  which  reference 
may  be  made  for  full  detail. 

On  June  1,  1889,  Genesee  River  at  Rochester  gave  a  flood  flow  of 
about  27,000  cubic  feet  per  second.  There  is  no  information  at  hand 
as  to  the  flow  of  the  upper  river  on  that  date,  but  inasmuch  as  the 
rainfall  of  the  upper  catchment  area  is  known  to  have  been  exceed¬ 
ingly  heavy  there  is  no  doubt  but  that  the  stream  above  Mount  Morris 
gave  a  heavy  flood  flow. 

(57)  CHEMUNG  RIVER. 

According  to  Francis  Collingwood,  this  stream  gave,  June  1,  1889,  a 
flow  of  138,000  cubic  feet  per  second,  or  67.1  cubic  feet  per  square 
mile  per  second.  Full  particulars  may  be  obtained  in  Mr.  Colling- 
wood’s  Report  on  Floods  at  Elmira. 

Since  writing  the  paragraph  about  flood  flows  on  Seneca  River 
(No.  1)  the  author  has  received  additional  information  in  regard  to 
Seneca  River  flood  of  March,  1865.  As  already  stated,  the  flood  of 
March,  1865,  was  exceedingly  serious  throughout  the  whole  of  western 
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and  central  New  York.  It  probably  represents  the  most  widoly  dis¬ 
tributed  flood  of  the  last  forty  or  fifty  years  in  this  region.  Positive 
statements  are  made  to  the  effect  that  about  the  middle  of  March, 
1SM5,  the  water  on  the  Baldwinsville  dam  stoo<l  for  two  or  three  days 
at  or  about  the  depth  of  4.75  feet,  giving  a  Mow  over  the  dam,  accord¬ 
ing  to  the  method  of  computation  adopted,  of  12,000  cubic  feet  per 
second.  As  to  whether  the  wheel  service  in  1805  was  the  same  as  at 
present  we  have  no  means  of  positively  determining,  but  evidently  it 
was  not  very  different,  as  t he  large  flouring  mills  at  Baldwinsville  and 
other  manufacturing  establishments  now  there  were  mostly  in  oper¬ 
ation  previous  to  1 ''ti.*).  Assuming,  therefore,  that  the  wheel  service 
was  the  same  and  that  tin*  wheels  were  running,  the  maximum  flood 
may  possibly  have  lx*en  about  19,950  cubic  feet  per  second,  or  0.4 
cubic  feet  per  square  mile  per  second.  In  any  case  it  is  very  certain 
that  only  rarely  is  anything  like  this  figure  reached.1 

On  reviewing  the  data  herein  embodied  it  appears  evident  that  the 
question  is  likely  to  be  raised  as  to  whether  the  several  dams  over 
which  the  flood  flows  are  given  are  submerged  at  the  time  of  extreme 
flow’,  thus  changing  t  lie  eonditions  from  that  of  flow  wit  h  free  overfall 
to  that  of  a  submerged  weir.  As  regards  the  gauging  stations,  serial 
Nos.  1  to  20,  it  may  be  pointed  out  that  the  following  three  dams  are 
likely  to  be  suhmeiged  with  extreme  flood  flows,  viz:  Schoharie  Creek 
at  Fort  Hunter,  height  of  dam  <1  feet;  West  Canada  Creek  at  Middle- 
ville,  height  5  feet;  and  Oriskany  Creek  at  Oriskany,  height  4  feet. 
A*'  to  the  effect  of  submergence  in  increasing  or  decreasing  the  dis¬ 
charge, 'Fable  No.  125  is  submitted,  in  which  is  shown  the  percentage 
of  the  flow  over  a  sharp-crested  weir  with  free  overfall  that  will  flow 
over  a  weir  5.5  feet  i  i  height  under  different  depths  of  submergence. 
This  table  has  been  computed  from  Bazin's  experiments  for  various 
heads  within  the  limits  to  which  his  coefficients  may  Is*  applied,  as 
stated  in  the  Annalcs  des  Pouts  et  Chaussees,  ls'.H,  pages  29''  to  310. 

We  may  observe  further  that  since  the  old  dam  was  standing  in  lsr,.-,,  probably 
t fie  flow  was  greater  for  a  given  depth  than  at  present.  The  flood  flow  may  there¬ 
fore  have  reached  *J2. 0i h »  to  ‘Jit. (X Ml  cubic  feet  j»er  second.  Even  at  26,000  cubic  feet 
per  second  the  flow  is  only  about  8.5  cubic  feet  per  square  mile  per  second. 
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Table  No.  125. 


Head  on  upstream  side  of  crest, 
in  feet=H. 

Flow  over  a  sharp-crested  weir,  1 
1  foot  in  length  (cubic  foot  per 
second). 

Difference  in  elevation  of  the  water  surfaces  on  the  upstream  and  down¬ 
stream  sides  of  the  crest  =H  —  H'. 

5  feet. 

4  feet. 

3  feet. 

2  feet. 

1  foot. 

Depth  of  subrner- 
gence=H.' 

Per  cent  of  flow  over 
a  standard  sharp- 
crested  weir. 

Depth  of  submer- 
gence=H\ 

Per  cent  of  flow  over 
a  standard  sharp- 
crested  weir. 

Depth  of  submer- 
gence=H'. 

Per  cent  of  flow  over 

a  standard  sharp- 

crested  weir 

Depth  of  submer- 

gence=H/. 

Per  cent  of  flow  over 
a  standard  sharp- 
crested  weir. 

© 

o  ^  • 

rt  hi 
^  1! 

<w  ® 
o  g, 

_  © 

© 

Q 

Per  cent  of  flow  over 

a  standard  sharp- 

crested  weir. 

0) 

(2) 

(3) 

(4) 

(5) 

(6) 

(b 

(8) 

(9) 

(10) 

(id 

(12) 

1.5 

6.1 

93.4 

2.  0 

9.4 

1.0 

87.0 

2.5 

13.2 

0.5 

99.0 

82  6 

3.0 

17. 3 

1.0 

96.  o 

2.0 

80  0 

3  5 

21.9 

0. 5 

102 

1.5 

93.6 

2.5 

77. 0 

4.0 

26.  6 

1.0 

100 

2.0 

91.0 

3.0 

74.0 

4.5 

31.8 

103 

1.5 

98 

2.5 

88. 0 

3.5 

72.4 

5. 0 

37.2 

1.0 

101 

2.0 

96 

3.0 

86.4 

4.0 

70. 0 

5.5 

43. 0 

0. 5 

104 

1.5 

100 

2.5 

95 

3  5 

85.  0 

4.5 

69.0 

6. 0 

49.0 

1.0 

103 

2.0 

99 

3. 0 

93 

4.0 

84.0 

5. 0 

68.0 

6.  5 

55. 2 

1.5 

102 

2. 5 

98 

3.5 

92 

4. 5 

83.  0 

5. 5 

67.0 

7.0 

61 . 7 

2.0 

101 

3. 0 

97 

4.0 

91 

5.0 

82.  o 

6.0 

66.  4 

7.5 

68.4 

2.5 

101 

3.5 

96 

4.5 

90 

0 

80.0 

6.5 

64.6 

8.0 

75.4 

3.0 

4.0 

95 

5.0 

89 

6.0 

80.0 

7.0 

8.5 

81. 5 

3.5 

4.5 

94 

5. 5 

6.5 

7. 5 

9.0 

89.9 

4.0 

5. 0 

6.0 

7.0 

8.0 

In  Table  No.  125,  column  (1)  gives  the  head  on  upstream  side  of 
crest  in  feet,  and  column  (2)  the  flow  over  a  sharp-crested  weir  1  foot 
in  length,  in  cubic  feet  per  second.  Bazin’s  experiments  on  flow  over 
sharp-crested  weir  show  substantial  accord  with  those  by  Hr.  Francis. 
Reference  to  a  translation  of  Bazin’s  experiments  on  flows  over  sharp- 
crested  weirs  may  be  made  to  Proceedings  of  the  Engineers’  Club  of 
Philadelphia  for  January,  1890,  July,  1892,  October,  1892,  and  April, 
1893.  Column  (3)  of  the  foregoing  table  shows  depths  of  submergence 
when  the  difference  in  elevation  of  the  water  surfaces  on  the  upstream 
and  downstream  sidesof  the  crest  are  5  feet,  column  (4)  being  the  per 
cent  of  flow  under  the  conditions  of  column  (3)  over  a  standard  sharp- 
crested  weir.  Columns  (5)  to  (12),  inclusive,  show  the  same  data  for 
difference  in  elevation  of  the  two  water  surfaces  of  4  feet,  3  feet,  2 
feet,  and  1  foot. 

Table  No.  125,  it  will  be  noticed,  compares  the  flow  on  a  submerged 
weir  wifli  free  overfall  on  a  sharp-crested  weir.  In  order  to  certainly 
decide  that  with  sloping  dams  and  dams  with  adhering  nappes  on  the 
front  face,  etc.,  the  flow  will  not  be  greatly  decreased,  reference  may 
be  made  to  the  table  on  page  809,  where  the  mean  of  Cornell  Uni¬ 
versity  experiments  Nos.  1  and  2  are  compared  with  flows  as  per 
Francis’s  formula.  It  appears  safe  to  assume  from  such  comparison 
that  within  the  limits  of  submergence  actually  occurring  on  the  dams 
here  considered,  the  submerged  flows  are  as  great  as  on  those  with  free 
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overfall.  lienee  we  have  no  reason  for  supposing,  after  the  water 
reaches  the  critical  height  where  submergence  begins,  that  within  the 
limits  of  a  foot  or  two  there  is  any  material  decrease  in  discharge,  and 
consequently  any  huge  reduction  to  be  made  in  the  figures  of  Table 
No.  1 24. 

Furtheras  to  effect  of  submergence  of  drowned  weirs,  see  statements 
translated  from  Bazin  on  pages  (W!7  and  (5t»S. 

By  way  of  further  illustrating  the  relation  of  submerged  flow  tofree 
o\ erfall  flow,  we  alsoinelude Table  No.  1  2<>, computed  by  Mr.  Ilcrschel’s 
formula  for  1  foot  of  length  of  crest,  the  formula  being 


Q  =  :i..‘W  \j  (N  II)  * 


Mr.  I IersoheTs  formula  was  derived  by  a  discussion  of  the  experi¬ 
ments  of  Mr.  Francis,  also  those  of  Messrs.  Fteley  and  Stearns.  In 
this  formula  N  is  a  constant,  the  value  of  which  depends  on  the 


rat  io 


II 

II 


of 


t  he  heads  on 


the  upstream  and  downstream  sides  of  the 


crest.  II  equals  t he  dept h  of  submergence  in  feet. 


Tahi.k  No. 


iurlpvfttlou  <>f  th«>  w»tor  surface*  on  the  iiiwtrouui  and  down- 
str«>mn  niilo*  of  tho  orcst  H  —  H'. 
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04  0 
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1  0 
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4ft  3 
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81.0 

TT.  H 

Land  and  Water  surface  Kvaporation  in  Oswego  River 

Basin. 

As  an  interesting  conclusion  it  may  be  pointed  out  that  owing  to 
the  large  area  of  water  surface,  marsh,  and  flat  valleys  in  Oswego 
River  basin  the  evaporation  loss  from  this  catchment  area  must  be 
relatively  large.  It  will  therefore  result  in  an  extremely  dry  year 
that,  even  though  this  stream  has  large  pondage  area,  its  minimum 
flow  will  not  be  larger  than  that  of  other  New  York  State  streams 
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with  much  less  pondage.  Estimates  of  water  yield  from  this  stream 
in  the  minimum  year  must  therefore  be  very  conservative.  By  way 
of  illustrating  the  large  evaporation  loss  from  Oswego  Basin  we  may 
consider  the  following  tabulation : 


Kind  of  area. 

Square 

miles. 

Per  cent 
of  total 
area. 

Mean  an¬ 
nual  evap¬ 
oration. 

Propor¬ 
tionate 
evapora¬ 
tion  on 
whole 
area. 

(1) 

(h 

(3) 

(4) 

W ater  surface . . . 

309. 3 
220. 7 
4,472.0 

6.  IS 
4.41 
89.41 

Inches. 
34.0 
on.  o 
20.2 

Inches. 

2. 10 
2. 05 
23. 42 

Marsh . . . . . . 

Upland . . . . . . 

Total . . . . . 

5, 002. 0 

100. 00 

28. 17 

In  this  tabulation  column  (3)  gives  the  mean  annual  evaporation 
for  different  kinds  of  evaporating  surface.  The  annual  evaporation 
from  water  surface  is  taken  at  34  inches,  as  derived  from  the  Roches¬ 
ter  evaporation  data,  while  the  annual  evaporation  from  a  marsh  area 
is  taken  at  GO  inches.  This  latter  figure  is  arrived  at  by  considering 
that  inasmuch  as  marsh  areas  are  saturated  with  water  they  present 
evaporation  conditions  quite  similar  to  water  surfaces  in  the  particu¬ 
lar  that  the  supply  of  water  is  constant  and  evaporation  goes  on 
continuously;  they  are  also  covered  with  a  vigorous  growth  of  water- 
transpiring  vegetation.  Marsh  grass,  flags,  and  other  semiaquatic 
plants,  which  grow  vigorously  in  such  places,  are  all  large  consumers 
of  water. 

In  the  discussion  of  a  paper  on  the  introduction  of  irrigation  in 
new  countries,  as  illustrated  in  northern  Colorada,1  Baldwin  Latham, 
M.  Inst.  C.  E.,  stated  that,  beginning  in  June,  1870,  he  discharged 
sewage  upon  a  definite  area  planted  with  rye  grass  at  the  Beddington- 
Croyden  sewage  farm,  the  grass  being  so  placed  in  a  water-tight  tank, 
provided  with  suitable  underdrains  and  means  of  collecting  water 
flowing  off,  that  definite  results  could  be  obtained.  From  June  18, 
1870,  to  June  12,  1871,  a  period  of  360  days,  during  which  time  20.03 
inches  of  rain  fell,  the  water  evaporated  from  a  square  yard  of  surface 
amounted  to  8,712  pounds,  or  to  a  depth  of  186.3  inches,  in  a  year. 
Experiments  on  another  plat  during  the  year  1871-72  gave  for  a  period 
of  370  days,  with  a  rainfall  of  24.98  inches,  a  total  application  of  water 
of  4,263  pounds  per  square  yard,  amounting  to  a  depth  of  91.2  inches 
over  the  area.  It  is  in  view  of  these  results  that  it  appears  reasonable 
to  assume  the  evaporation  from  a  marsh  area  in  central  New  York  at 
not  less  than  60  inches  per  year. 

The  figure  of  26.2  inches  per  year  for  evaporation  from  upland  areas 
has  been  derived  from  Genesee  River  data,  Oswego  River  basin  being 
same  as  Genesee,  substantially  deforested.  The  mean  annual  rain- 


1  See  Proc.  Inst.  C.  E.,  Vol.  LXXIII  (1883),  p.  185. 
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fall  of  Upper  Genesee  River  eatehinent  area,  as  determined  for  a 
period  of  nine  years,  is  40.3.4  incites,  and  the  mean  evaporation  20.18 
inches.  Tin*  mean  rainfalls  of  Oswego  River  basin  are  as  follows: 


Name  «>f 

Number 
of  years' 
observa¬ 
tion*. 

Auburn .  . 

2X 

X 

( 'HtifinriiiitfUJi . 

10 

Cuenorbt  . . 

10 

rt 

Fleming . 

0 

( VH . 

25 

It  hu«  •«  . 

25 

I.*Hiyard . 

• 

Lyons . 

10 

North  Yolney  . 

13 

( 'n**i<hi  . 

10 

Rainfall 

.if  ..ik.'ti 


of  each 
station. 

Name  of  jilaot- 

In<  hr* 

35  44 

Onondaga . 

aw  :.| 

<  >HW«»|fO  . . . 

•M  07 

Palermo  . 

3**  7(1 

Perry  City . 

:w  19 

Plnenix  . 

32  :v> 

Pompey . 

:»i  n> 

Room*  . 

:ct  07 

Roinulu*  . 

:ct  21 

Sicaneatele*  . 

34.40 

Wedgwood . 

Ifi 
•44  H8 

Mean  annual  rainfall 

Number 
of  years' 
observa¬ 
tion*. 


1« 

ei 

45 

in 

0 

21 

H 

7 

4 

in  I 


Rainfall 
of  each 
station. 


Inrhf*. 
31.55 
:w.  tv, 
89  98 
40.09 
:w.:w 
32.37 
47  r>o 
35  24 
:ih.38 
:is.  7(i 


36.  70 


The  approximately  true  mean  annual  rainfall  of  the  entire  basin 
of  3d.7o  inches  lias  been  obtained  by  giving  the  individual  records 
weight  in  proportion  to  their  length;  that  is  to  say,  the  mean  annual 
rainfall  at  each  station  has  l teen  multiplied  by  tin*  length  of  the 
record  in  years,  and  the  sum  of  the  products  so  obtained  divided  by 
the  total  numlM*r  of  years’ observations.  This  figure  must,  however, 
1m*  considered  an  approximation  merely,  localise  what  is  really 
wanted  are  the  subdivisions  of  tin*  ent ire  drainage  area,  with  their 
proportionate  rainfalls. 

With  a  mean  annual  rainfall  of  36.70  inches  and  a  mean  annual 
evaporation  of  2*.  17  inches,  we  And  tin*  mean  annual  run-off  to  be 
7.33  inches.  However,  with  lower  rainfall  than  on  Genesee  River, 
the  evaporation  will  be  lower  and  we  may  expect  a  mean  annual  run-off 
of  perhaps  10  inches.  It  is  the  author’s  present  opinion  that  in  an 
extremely  dry  year  the  run-off  of  Oswego  River  will  not  exceed  about 
<i  inches,  tin*  maximum  run-off  lieiug  probably  about  13  to  18  inches. 


PROBABILITIES  oK  FLOODS  IN  ANY  <11  YEN  MONTH  IN  CENTRAL  NEW 

YORK. 

The  usual  Hood  months  in  western  New  York  arc  March,  April, 
May,  and  occasionally  September  and  October.  Occasional  heavy 
floods  occur  as  late  as  June  1  to  10,  due  to  heavy  rainfall  in  the  latter 
part  of  May.  ’fin*  following  statements  and  tables  relating  to  rain¬ 
fall  in  western  New  York  show  the  tendency  to  floods  late  in  the 
spring: 

At  Rochester  total  mout  hly  rainfalls  of  about  6  inches  have  occurred 
in  May  nine  times  in  the  period  from  1834  to  isos,  inclusive. 

At  Oswego  total  monthly  rainfalls  of  from  3.'.»3  inches  to  7.03  inches 
have  occurred  in  May  three  times  in  the  period  from  1*44  to  1808, 
inclusive. 

At  Palermo  total  monthly  rainfalls  of  about  ('.Inches  have  occurred 
in  May  four  times  in  the  period  from  1834  to  1808,  inclusive. 
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At  Ithaca  total  monthly  rainfalls  of  about  6  inches  have  occurred 
in  May  six  times  in  the  period  from  1828  to  1898,  inclusive. 

At  Lowville  total  monthly  rainfalls  of  about  6  inches  have  occurred 
in  May  twice  in  the  period  from  1827  to  1898,  inclusive. 

At  Utica  total  monthly  rainfalls  of  about  6  inches  have  occurred 
in  May  four  times  in  the  period  from  1826  to  1893,  inclusive.  In  1889 
it  was  8.69  inches  for  the  month  of  May;  in  1892,  7  inches,  and  in 
1893,  7.84  inches. 

At  Geneva  total  monthly  rainfalls  of  over  six  inches  have  occurred 
in  May  twice  in  the  period  from  1851  to  1893,  inclusive. 

At  Cooperstown  total  monthly  rainfalls  of  over  6  inches  have 
occurred  in  May  four  times  in  the  period  from  1854  to  1898,  inclusive. 

At  Albany  total  monthly  rainfalls  of  over  7  inches  have  occurred 
in  May  seven  times  in  the  period  from  1826  to  1898,  inclusive. 

By  way  of  further  illustrating  the  possibility  of  serious  floods  in 
the  State  of  New  York,  the  following  tabulation  of  the  heaviest  pre¬ 
cipitations  at  several  points  in  the  State  for  the  different  months  has 
been  prepared: 


Year  in  which 
heaviest  month¬ 
ly  rainfall  oc¬ 
curred. 

Name  of  place. 

Amount 
of  heaviest 
rainfall. 

Year  in  which 
heaviest  month¬ 
ly  rainfall  oc¬ 
curred. 

Name  of  place. 

Amount 
of  heaviest 
rainfall. 

January. 

1878 . 

Rochester . 

Inches. 

8. 05 

May. 

1894 . . 

Rochester 

Inches. 

6. 87 

1884 

Oswego  . . 

6. 49 

1883 . 

Oswego 

7  03 

1897 .  . . 

Palermo  . 

6.78 

1867 . 

Palermo . 

6.90 

1892 . 

Ithaca  .  . . 

3. 78 

1894. . . 

Ithaca  . 

7.34 

1855. 

Lowville . 

4.81 

1893... . . 

Lowville _ 

6.  78 

1836 . 

Utica  ...  . . 

8. 06 

1890 . 

Utica . 

8. 69 

1863 . 

Geneva  _ 

(5  78 

1867 . 

Geneva  _ 

6.59 

1861 _ _ 

Cooperstown _ 

4.31 

1890 . . 

Cooperstown _ 

8.84 

1891 

Albany  . . 

6  12 

1890 . 

Albany  . 

5. 19 

February. 

1896  ... 

Rochester . 

June. 

1892 . 

Rochester . 

6.68 

1896  . 

Oswego . 

4.90 

1889 . . 

( )swego  _  _ 

9. 81 

1886  . 

Palermo . . 

7.20 

1865 . . 

Palermo  - 

8.80 

1887 

Ithaca . 

4.21 

1883 . 

Ithaca . 

7. 54 

1831  .. 

Lowville . 

5.71 

1835 . . 

Lowville . 

1840  .. 

Utica . 

6.20 

1889 . 

Utica _  .  _ 

9. 19 

1856  . 

Geneva  . 

3. 26 

1857 . 

Geneva  _ 

8.14 

1887 

Cooperstown _ 

Albany  . 

ft  21 

Cooperstown _ 

Albany  . 

9  76 

1893  . 

4.63 

1889 . 

6.43 

March. 

1873 . 

Rochester  _ 

7.02 

July. 

1897 . 

Rochester . 

6. 37 

1881  .  . 

Oswego  . 

5.08 

1874 . . 

Oswego . . 

1873  . 

Palermo . 

6. 10 

1874 . 

Palermo  . . 

6.60 

1896  . 

Ithaca . 

4.  75 

1889 . . 

Ithaca . 

6.73 

1871 

Lowville . 

5. 1 1 

1818 . 

Lowville 

8.29 

1888  . 

Utica . 

7.50 

1827 . 

U  tioa . 

7.60 

1862 

Geneva 

5. 23 

1889  . 

Geneva  . _ 

5. 31 

1887 

Cooperstown _ 

Albany  . 

4. 32 

1863 . 

Cooperstown  .... 
Albany . . 

7.92 

1876 

4.28 

1874 . 

6. 18 

April. 

1874 

Rochester  . 

4.  99 

August. 

1886 . 

Rochester . 

7.26 

1886  .... 

Oswego _ _ 

1893 . 

Oswego . 

6. 47 

1863  . 

Palermo  .. 

6.20 

1892 . 

Palermo . 

7.45 

1894 

Ithaca . . . 

4.84 

1885 . . . 

Ithaca . 

8. 14 

1857 

Lowville.  _ 

5. 74 

1892 . 

Lowville. _ _ 

8.76 

1842  . 

Utica . 

6.  69 

1832. . . 

Utica . . 

11.44 

1854 

Geneva  . . 

5.20 

1864 . 

Geneva  . 

7.14 

1854  . 

Cooperstown _ 

Albany  . 

7.12 

1885. . 

Cooperstown _ 

Albany  . 

9.  08 

1874 . 

4.97 

1885 . 

7.58 
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sir. 


Year  in  which 
heaviest  month¬ 
ly  rHinfntl  oc- 
cumst. 

N amt*  of  place. 

Year  in  which 

o^eaXlt  hry'S,ntfa“i^th‘ 

rainfall.  ,jr™g,,oc 

Name  of  place. 

Amount 

of  heaviest 
raintalt. 

September. 

InTiI 

Inrhc.  November. 

5  tin  1877 

Iiichr* 

5.  <  i 
A.  56 
H.  17 
II  III 

r,  8) 

7.  In 
4.A8 
5  Its 
5  41 

A  17 
HI.  411 
7. 95 
4.  75 
5  81 

8.  A4 
A.  4A 
A.ltt 
A.  16 

ls*.*o 

i  iNWego . 

ii  :ci  lsn7 . 

<  )»wego . 

1890 

Palermo 

7.55  inn? . 

Palermo  . 

|S!*0 

I  thiii'n 

tl  *t!  1KH41  . 

Ithaca . 

1H47  . 

Lowvillo  . 

5  .hi  Jki*7  . 

Lowvillo 

1M*I  . 

g  tl»'ii . 

8.27  l*»8A . 

t'tioa  ... 

1MI0 

UclU'Ylk  . 

A.  11  K57 . 

<  leneTa  . . 

into 

Conjieratown  . 
Allumy  . 

7  24  1H5H  . 

C(8i|ier8town _ 

A 11 ’tiny  . 

two 

8. 91  lH-d  . 

<  k'tnbrr 

1873 

r>rrrnihrr. 

8  (17  l.S8.» 

i*;* 

CHnvi»ifo  . 

7.55  \*:h  ... . 

( Htwogo  . . 

1*08. 

Palermo 

7  !«»  1«78  . 

Palermo 

1 1  hm  ’M  .... 

5  87  1-HMl  . . 

Ithaca 

1XVI  . 

I.i  <w  villi’ 

5  si  1*0  . 

Lowville 

1885 

Utlra . 

7.U5  1*>U  . 

I’tica  . 

1857 

A.  .HI  ls5i 

( )en**TA 

1857 . 

Cooperatown 
Allmtiy  . 

A.  Aft  1881  . . 

< 'tMi)H>r»ti>wn  .... 
Alliany  . 

7  8ll  1878 

tONTKoL  OK  FLOODS  IN  MOHAWK  VALLEY. 

I  ii  1  In*  chapt rr  »»n  Fits  si  Flows  of  St  reams  in  tin*  Stilt e  of  Now  or k , 
Tal»l«*  No.  124  gives  tin*  maximum  ami  ordinary  Hood  Hows  of  various 
streams  of  New  York  State,  including  Mohawk  River.  The  range  of 
Mohawk  Hoods  i^  then*  so  clearly  shown  a**  to  render  further  discus¬ 
sion  unnecessary  here. 

'Phe  control  of  floods  in  Mohawk  Valley  may  1m*  considered  from 
two  (Hunts  of  view,  either  to  construct  flood  reservoirs  on  the  tribu¬ 
tary  streams,  or  to  make  the  canalized  river  of  such  dimensions  as  to 
certainly  carry  the  extreme  flotnls,  whatever  they  may  Is*,  providing 
at  each  dam  or  lock  sufficient  length  of  spillway  to  pass  tin*  extreme 
flood  flows  without  too  great  fluctuation. 

In  regard  to  control  by  flood  reservoirs,  a  study  of  existing  maps 
and  reconnoissanee  showed  that  this  method  was,  on  the  whole, 
impracticable.  Several  of  the  streams  tributary  to  Mohawk  River 
have  large  catchment  areas,  as,  for  instance,  Schoharie  ('reek,  947 
square  miles;  Hast  Canada  Creek,  I’SH.G  square  miles,  and  West  Can¬ 
ada  Creek,  5HS.7  square  miles.  With  the  exception  of  Schoharie 
Creek  there  are  no  locations  on  any  of  these  streams  for  large  reser¬ 
voirs,  and  even  on  Schoharie  Creek  the  location  is  such  as  to  make 
the  project  very  expensive.  The  available  location  on  Schoharie 
Creek  is  just  above  the  village  of  Ksperance,  not  far  from  the  bound¬ 
ary  line  between  Schenectady  and  Schoharie  counties,  where  the 
valley  narrows,  and  it  is  probable  that  an  effective  barrage  from  150 
to  1G0  feet  in  height  could  be  made,  creating  a  reservoir  from  1  to  17 
miles  in  length  and  averaging  1  mile  in  width  at  the  water  surface. 
Such  a  reservoir,  however,  would  flood  the  villages  of  Central  Bridge, 
Schoharie,  Middleburg,  Fultonhain,  and  Breakabeen,  besides  several 
small  ones.  Middleburg  and  Schoharie  are  large  towns,  the  former 
being  tli  ■  county  seat  of  Schoharie  County.  The  Schoharie  Valley 
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Railroad  now  passes  through  the  central  part  of  the  valley  and  would 
require  removal.  Taking  into  account  the  large  expense  of  the  neces¬ 
sary  readjustments  of  towns  and  the  railway,  it  lias  not  seemed  worth 
while  to  study  this  project  in  detail,  the  more  especially  since  the 
control  to  he  obtained  would  be  only  moderate.  A  general  idea  of 
the  possibilities  of  Schoharie  Creek  storage  maybe  obtained  by  refer¬ 
ence  to  the  Schoharie  quadrangle  map,  as  per  the  United  States  Geo¬ 
logical  Survey,  recently  issued. 

On  West  Canada  Creek  the  valleys  are  mostly  narrow  and  only  a 
moderate  storage  could  be  obtained  with  high  dams.  There  is  a  pos¬ 
sible  site  just  above  Prospect,  where  rock  appears  in  the  bed  of  the 
stream.  The  narrowness  of  the  valley,  however,  and  the  consequent 
small  storage  to  be  gained  have  seemed  to  render  it  undesirable  to 
make  extended  studies  at  t  his  place.  The  other  locations  in  West 
Canada  Creek  Valley  are  relatively  small  and  unimportant,  although 
a  moderate  amount  of  storage  could  be  made  by  raising  the  water 
surfaces  of  some  of  the  numerous  lakes  and  ponds.  As  a  perfectly 
general  estimate,  not  based  on  detailed  data,  it  is  considered  that  a 
dam  about  100  feet  in  height  a  short  distance  above  Prospect  would 
store,  perhaps,  about  2,000,000,000  cubic  feet. 

On  East  Canada  Creek  the  valleys  are  all  narrow,  not  affording  any 
opportunity  for  storage  on  a  large  scale,  and  any  storage  to  be  made 
in  this  catchment  area  must  necessarily  be  on  the  numerous  small 
lakes  and  ponds  of  the  region,  which,  however,  could  only  control  a 
relatively  small  part  of  the  run-off. 

The  foregoing  presents  in  small  space  the  main  reasons  why  it  has 
not  seemed  desirable  to  investigate  a  system  of  flood  reservoirs  on  the 
tributaries  of  Mohawk  River.  The  conditions  on  Upper  Mohawk 
catchment  area  are  such  that  the  area  controlled  by  any  practicable 
system  of  reservoirs  would  be,  in  comparison  with  the  whole,  rela¬ 
tively  small,  and,  without  going  into  the  details,  it  has  seemed  to  the 
author  probable  that  the  effect  would  not  justify  the  expense.  From 
this  point  it  appears  preferable  to  construct  a  canalized  river  of  such 
dimensions  and  with  sufficiently  liberal  spillways  to  take  care  of  max¬ 
imum  floods,  whatever  they  may  be. 

General  studies  were  also  made  as  to  possibility  of  diverting  a  por¬ 
tion  of  the  flood  flow  of  Mohawk  River  above  Little  Falls  from  the 
canalized  channel  through  independent  channels  to  one  side,  one 
such  flood  channel  delivering  at  Little  Falls  and  the  other  through 
the  valley  of  Wood  Creek  west  of  the  west  end  of  the  proposed  sum¬ 
mit  level,  the  object  of  this  latter  channel  in  Wood  Creek  Valley 
being  chiefly  to  divert  from  the  ship  canal  flood  flows  of  Upper 
Mohawk  above  Rome.  Study  showed,  however,  that,  owing  largely 
to  the  flatness  of  the  valleys,  the  difficulties  of  handling  flood  flows 
in  independent  channels  would  be  greater  than  if  handled  in  the 
canalized  channel. 

H.  Doc.  149 - 52 
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ESTIMATE  OK  SUMMIT  LEVEL  WATER  SUPPLY. 

Tin*  proposal  summit  level  of  the  Osw’ego-Mohaw’k  route,  with 
waiter-surface  elevation  of  415  feet  above  tide,  extends  from  station 
30.'it*  of  ihe  main  deep-waterways  survey  to  station  3758, a  distance  of 
71, !*•»<»  feet  (13.62  miles).  The  water  surface  for  a  30-foot  channel  in 
earth  is  334  feet  wide,  and  fora  21-foot  channel,  310  f**et.  The  area 
of  cross  section  of  30- foot  channel  is  8,0oo  square  feet  and  for  21-foot 
channel,  5, 5(H)  square  feet. 

'Phe  tributary  streams  may  1m*  relied  upon  to  keep  the  main  channel 
full  during  the  winter  season,  even  under  the  most  adverse  condi¬ 
tions  of  winter  drought.  Filling  in  the  spring  may  be,  therefore,  left 
out  of  the  aceount,  and  the  problem  is  accordingly  siinplitbsl  to  a 
determination  of  the  quantity  required  to  supply  lockages,  evapora¬ 
tion,  percolation,  gate-and-sluiee-leakage  losses,  and  wastage.  The 
locks  at  the  ends  of  the  summit  level  are  to  1m*  74<>  feet  in  length  by 
So  feet  wide,  with  lifts  of  20  feet.  Also,  at  Little  Falls,  129,400  feet 
(24.52  miles)  east  of  the  east  end  of  the  summit  level,  there  are  to  be 
duplicate  sets  of  tandem  locks,  with  total  lift  of  13  feet,  the  lock 
chambers  lM*ing  740  feet  long  by  60  feet  in  width. 

The  West  Canada  (.-reck,  which  has  a  catchment  area  al>ove  its 
mouth  of  569  square  miles,  flow*,  into  Molmwk  River  at  Herkimer. 
The  several  small  streams  known  as  Crane  Creek,  Reels  Creek, 
Knapp  brook,  Rudlong  Creek,  Sterling  Creek,  Hridenbacker  Creek, 
and  adjacent  territory  lying  on  the  north  side  of  Molmwk  River  and 
between  Herkimer  and  the  east  boundary  of  Nine-Mile  Creek  area, 
have  a  catchment  area  of  86  square  miles.  To  the  east  of  Herkimer, 
on  the  north  side  of  Molmwk  River,  Reaver  Brook  and  adjacent  ter¬ 
ritory  have  15  square  miles,  while  on  the  south  side,  between  Utica 
and  Little  Falls,  Ballou  Creek,  Factory  Creek,  Ferguson  Creek,  Meyer 
Creek,  Steele  Creek.  Fulmer  Creek,  and  adjacent  territory  have  a 
catchment  area  of  139  square  miles.  The  total  catchment  area  trib¬ 
utary  to  the  main  deep  waterway  between  Little  Falls  and  east  end 
of  the  summit  level  is  therefore  (5694-86  + 15-)- 139)  809  square 

miles.  'Phis  area  may  be  expected  to  yield  from  150  to  2<  m  i  cubic  feet 

of  water  per  . . ml  in  a  dry  time,  which  will,  it  is  believed,  1m*  ample 

for  the  various  losses  and  small  additional  lockage  requirement  on 
th®  reach  of  canal  between  the  east  end  of  the  summit  level  and  the 
double  locks  at  Little  Falls. 

According  to  data  furnished  by  your  Board,  the  annual  traffic  is 
assumed  at  25,(HIO,0(H)  tons,  with  an  assumed  tonnage  per  lockage  for 
30-foot  channel  of  3,<mh)  tons  and  for  21 -foot  channel  a  tonnage  |n*r 
lockage  of  2,500  tons.  Let  us  first  estimate  the  water  consumption 
for  the  3( (-foot  channel. 

The  question  of  water  supply  of  canals  has  been  so  fully  discussed 
elsewhere  ns  to  make  it  impossible  to  add  very  much  thereto  at  this 
time.  So  far  as  the  United  States  is  concerned,  experience  on  Krie 
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Canal  in  the  State  of  New  York  is  the  most  extensive  of  any.  Inas¬ 
much  as  the  author  has  given  fairly  full  citations  of  Erie  Canal  data 
in  the  report  on  the  water  supply  of  the  western  division  of  the  Erie 
Canal,  to  be  found  in  the  Annual  Report  of  the  State  Engineer  and 
Surveyor  of  New  York  for  1896,  as  well  as  in  Water-Supply  and  Irri¬ 
gation  Paper,  No.  25,  of  the  United  States  Geological  Survey — Water 
Resources  of  the  State  of  New  York — it  has  been  deemed  unnecessary 
to  especially  elaborate  the  question  here.  Indeed,  the  present  case  is 
so  far  beyond  precedent  as  to  compel  discussion  on  somewhat  differ¬ 
ent  lines  than  any  hitherto  followed.1 

Omitting,  then,  the  usual  preliminary  general  discussion,  we  have, 
with  the  foregoing  data  of  annual  traffic  and  tonnage  per  lockage,  a 
total  lockage  per  year  of  8,333;  add  the  usual  50  per  cent  for  two  ends 
of  summit  level,  4,167,  whence  the  total  number  of  lockfuls  of  water 
becomes  12,500. 

Assuming  222  days  of  navigation,  we  have  the  following:  Volume 
of  one  lockful= 

(740  X  80  x  20)— 1, 184,000  cubic  feet. 


For  mean  water  supply  per  second  we  have — 


12,500  X  1 , 1 84.0(H) 
222x24x3,600 


=■  772  cubic  feet. 


Or,  for  even  figures,  we  may  place  the  lockage  requirement  at  800 
cubic  feet  per  second.  The  foregoing  quantity  of  800  cubic  feet  per 
second  expenditure  of  water  for  lockages  is  based  upon  absolutely 
uniform  distribution  of  vessels,  both  as  to  direction  and  season.  As 
a  modifying  factor  we  should  take  into  account  these  elements: 

(1)  Since  the  feeder  has  no  storage  in  the  vicinity  of  the  main  canal 
any  draft  in  excess  of  the  mean  quantity  must  be  drawn  from  the 
main  channel  itself. 

(2)  As  a  broad  proposition,  there  will  be  a  tendency  to  more  lock¬ 
ages  in  daylight  than  at  night. 

(3)  In  the  spring  of  the  year,  on  account  of  the  preponderance  of 
the  grain  trade,  the  larger  proportion  of  movement  will  probably  be, 
for  a  time,  from  west  to  east.  At  other  seasons  there  are  likely  to  be 
times  when  the  traffic  will  be  in  excess  in  one  direction.  The  estimate 
of  one  and  one-half  lockfuls  of  water  for  each  vessel  passing  the 
summit  is  based  on  uniform  distribution  of  the  traffic,  otherwise  two 
lockfuls  per  vessel  passing  is  required.  The  proper  addition  to  the 
lockage  requirement  on  account  of  such  irregularity  can  not  be  defi¬ 
nitely  determined  until  one  has  statistics  of  the  actual  movement 
covering  a  series  of  years.  In  the  absence  of  such  the  foregoing  may 


1  Reference  may  be  made  to  the  annual  reports  of  the  Chief  of  Engineers  for 
numerous  discussions  of  the  general  question  of  canal  water  supply,  formulae  for 
same,  etc.  See  the  several  indexes  to  these  reports. 
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be  pointed  oui  as  a  reason  why  the  lockage  requirement  should  be 
properly  placed  somewhat  larger  than  the  theoretical  figure. 

Table  No.  12  gives  evaporation  from  a  water  surface,  as  observed 
at  the  Mount  Hope  reservoir  of  the  Rochester  waterworks,  from  1S'.»2 
to  ls'.ts,  inclusive.  For  the  navigation  months  April  to  Xovemljer, 
inclusive,  evaporation  ranges  from  1 . .13  inches  in  November,  lsi»7,  to 
♦J.S5  inches  in  July,  1  shs.  The  water  surface  of  the  proposed  summit 
level  is  so  small  as  to  make  evaporation,  even  in  the  maximum  month, 
hardly  worth  taking  into  account.  At  0.S5  inches  for  the  month  the 
evaporat ion  on  the  summit  level  l>ecomes,  roundly,  5  cubic  feet  per 
second.  In  order  in  give  evaporat  ion  sonic  value  in  the  estimate  of 
total  water  supply  we  will  take  it  at  from  5  to  10  cubic  feet  per  second. 

The  author  knows  of  no  rational  method  of  estimating  percolation 
loss  for  a  canal  under  the  conditions  which  evist  in  Mohawk  Valley. 
The  drainage  is  a'l  toward  the  valley,  and  at  first  thought  it  might 
appear  that  percolation  was  a  negligible  quantity.  However,  if  we 
consider  that  the  total  water  supply,  as  estimated  for  the  summit 
level,  takes  into  account  the  entire  yield  of  the  catchment  area  tribu¬ 
tary  to  the  main  channel,  and  further  consider  that  the  channel,  as 
located,  has  its  water  surface  for  a  considerable  distance  several  feet 
ultovc  t he  ordinary  water  plane  of  Mohawk  River  and  Wood  Creek 
in  their  natural  condition,  we  may  conclude  that  percolation  ought 
not  to  Is*  entirely  neglected,  more  especially  because  the  soils  in  the 
Mohawk  botlom  are  open  and  porous,  and  without  sonic  method  of 
consolidat ion  of  the  natural  soils,  which  docs  not,  now  occur  to  the 
author,  can  be  devised  there  is  likely  to  In*  considerable  loss  from 
percolation.  By  May  of  showing  the  relation  of  water  surface  of  the 
summit  level  to  ordinary  water  levels  in  Mohawk  River  and  Wood 
Creek  the  following  data  are  cited: 

At  a  distance  of  1 7 , < h m i  feet  east  of  Rome  the  ordinary  water  sur¬ 
face  of  Mohawk  River  is  at  elevation  of  415,  or  tin*  same  as  water 
surface  of  the  summit  level;  if  4 ,< s h »  feet  east  of  Rome  it  is  41.4;  42, 0(H) 
feet  east  it  is  4os;  41, INK)  feet  east,  4« »4 ;  and  47,<mhi  feet  east,  401. 

At  17, 5(H)  feet  west  of  Rome  the  ordinary  water  surface  of  Wood 
Creek  is  at  414,  or  1  foot,  lower  than  the  summit  level;  at  21,5<Ht  feet 
west  of  Rome  it  is  4oS;  and  at  25,500  feet  west,  4!*s. 

The  author  has  no  way  of  demonstrating  the  proposition,  although 
it  seems  clear  enough  to  him,  that  with  an  open,  porous  soil  the 
percolation  from  the  canal  at  points  where  the  summit  level  is  raised 
somewhat  ulmvc  the  ordinary  water  level  of  Mohawk  River  and  Wood 
Creek  will  In*  considerable.  The  porous  soils  of  these  valleys  will 
take  up  water  like  a  sponge,  making  considerable  areas  from  which, 
due  to  a  luxuriant  vegetation,  the  summer  evaporation  maybe  as 
much  as  00  inches  over  the  actual  ground  airca  affected.  The  land 
damage  on  these  areas  will  be  considerable  and  should  be  taken  into 
account  in  the  estimate.  In  dry  years,  with  a  total  rainfall  from 
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June  to  November,  inclusive,  of  from  8  to  12  inches,  the  amount 
required  to  keep  up  this  great  evaporation  must  come  by  percolation 
from  deep  waterway  channel.  If  we  assume  an  area  of  10  square 
miles  as  affected,  the  amount  of  water  required  to  keep  up  constant 
evaporation,  on  the  basis  of  GO  inches  for  the  navigation  season, 
would  be  nearly  80  cubic  feet  per  second,  or,  even  if  we  consider  the 
area  affected  as  not  exceeding  5  square  miles  and  take  into  account 
the  loss  into  the  old  water  channels,  it  seems  rational  to  allow  perco¬ 
lation  from  summit  level  of  75  to  100  cubic  feet  per  second. 

Leakage  at  gates  and  structures  is  a  very  uncertain  element. 
Under  ordinary  conditions  the  gates  ought  to  be  worked  without 
very  much  leakage.  The  data  furnished  by  your  Board  indicates  a 
probable  loss  from  this  source  of  perhaps  60  to  80  cubic  feet  per 
second. 

A  considerable  amount  of  power  will  be  required  at  each  lock  for 
operating  gates  and  for  electric  light  at  night.  A  conservative  allow¬ 
ance  for  this  purpose  seems  to  be  from  20  to  25  cubic  feet  per  second 
at  each  end  of  summit  level,  or  a  total  of  40  to  50  cubic  feet  per  second. 

On  Erie  Canal  considerable  time  is  saved  by  flushing  boats  out  of 
the  locks  on  to  the  lower  levels  by  letting  water  through  the  gates 
from  above.  The  author  does  not  understand,  however,  that  this 
practice  is  specially  applicable  to  locks  passing  boats  carrying  their 
own  power.  In  order  to  accommodate  local  traffic  it  is  probable,  even 
though  deep  waterways  should  be  constructed  on  substantially  the 
lines  now  under  consideration,  that  Erie  Canal  would  be  maintained 
on  its  present  line  from  near  Rome  to  Buffalo.  Independent  of  other 
considerations,  this  would  lead  to  considerable  traffic  on  deep  water¬ 
ways  in  the  way  of  barges,  timber  rafts,  and  fleets  of  canal  boats,  the 
handling  of  which  will  probably  be  more  or  less  expedited  by  a  rea¬ 
sonable  use  of  water  for  flushing  out  on  to  the  lower  levels.  As  a 
matter  of  judgment,  purely,  this  item  has  been  placed  at  from  50  to 
GO  cubic  feet  per  second,  although  by  the  use  of  mechanical  arrange¬ 
ments  for  doing  this  work  the  quantity  of  water  could  be  materially 
reduced,  flushing  being  in  any  case  an  uneconomical  method  of 
applying  force. 

In  order  to  pass  the  large  flood  flows  of  Upper  Mohawk  without 
great  fluctuation  of  the  water  surface,  it  will  be  necessary  to  provide 
from  2,000  to  2,500  linear  feet  of  spillway  at  each  end  of  the  summit 
level,  and  over  which,  whenever  there  is  any  interruption  of  uniform 
distribution  of  lockages,  there  must  necessarily  be  considerable  waste. 
Taking  into  account  the  actual  water-surface  area  of  the  summit  level 
of  (71,900 X  334)  =  24,014,600  square  feet,  and  assuming  an  inflow  of 
1,300  cubic  feet  per  second,  without  any  outflow,  the  increase  in  depth 
per  hour  becomes  0.19  foot,  or  in  three  hours  t lie  increase  in  depth 
would  become  0.58  foot.  However,  if  there  were  no  lockages  for  three 
hours,  the  depth  would  not  increase  as  rapidly  as  this  because  of  the 
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leakage  at  gates  and  sluices  and  wastage  on  tlie  spillways.  In  order 
1  < >  illustrate  this  matter  we  may  eonsider  the  following  tabulation,  in 
which  the  heads  are  given  iti  inches  and  feet.  The  eoeflieient  used 
for  the  computation,  as  derived  from  Bazin's  experiments,  is  applica¬ 
ble  to  a  flat-crested,  or  nearly  flat-crested,  weir  from  *»  to  7  feet  wide. 
The  (piantity  of  discharge,  (,),  in  cubic  feet  per  second,  is  given  per 
lineal  foot  of  crest  and  also  for  2,50b  feet  of  crest. 


Head. 

C'neffl 

dent. 

Jnchm. 

f’rrl. 

1 

0  IMS 

8  at 

8 

(I  1(17 

2  ai 

a 

(J.lSiO 

2  » 

4 

0.33M 

•1  |«» 

& 

It.  417 

2  47 

qincubfc  y  fi«r 
f®*-t  i*>r  feet  of 
•M>cooa  per  crest,  in  | 
lin<nlfoot  rnldc  feet 
of  cr<-st.  per  second/ 


0.  (ft) 

133 

It.  l.VI 

;176 

it  as 

73f> 

1  4MI 

1, 14s 

U.  (KIT. 

i .  im 

Keferring  to  this  tabulation,  it  Ap]>earsthnt  when  the  water  rises  to 
a  depth  of  only  1  inch  on  such  a  crest,  the  discharge  over  2,500  lineal 
feet  would  become  133  cubic  feet  per  second,  while  for  2  inches  depth 
it  becomes  375  cubic  feet  per  second,  and  for  3  inches,  735  cubic  feet 
per  second,  and  so  on  up  to  1,G*»3  cubic  feet  per  second  for  a  depth  of 
5  inches.  I Iowever,  the  wastage  would  be  less  than  these  figures  indi¬ 
cate  at  first  glance,  because  of  the  out  flow  from  leakage  and  the  wast¬ 
age  over  the  crest.  A  problem  of  this  nature  has  been  discussed  at 
length  in  the  author's  report  on  (ienesee  River  storage,  to  be  found 
in  the  Annual  Report  of  the  State  Engineer  and  Surveyor  of  the  State 
of  New  York  for  the  fiscal  year  ending  September  3b,  1 SH4,  and  refer¬ 
ence  may  be  made  to  pages  390  and  391  of  that  rejMtrt  for  formula*  and 
numerical  example.1  Inasmuch  as  the  solution  of  the  present  case  is 
precisely  like  the  case  there  cited,  it  has  not  seemed  worth  while  to 
repeat  the  computation  here.  It  is  suflicieut  to  say  that,  applying 
the  reasoning  t here  given,  it  is  shown  that  under  the  actual  existing 
conditions  of  the  proposed  deep  waterways  summit  level,  whenever 
there  is  an  interval  of  two  or  three  hours  without  lockages,  tin*  wast¬ 
age  over  the  long  spillways  at  the  ends  of  the  level  will  amount  to 
several  hundred  cubic  feet  per  second.  This  quantity  may  probably 
be  reduced  somewhat  by  the  use  of  dashboards,  to  be  set  in  place  and 
taken  olT  as  necessary,  although,  in  view  of  the  sudden  flood  rises  of 
Mohawk  River  and  consequent  necessity  for  removing  the  dashboards 
frequently,  the  author  can  not  but  think  that  such  remedy  will  be 
somewhat  unsatisfactory.  The  safer  way,  without  doubt,  is  to  pro¬ 
vide  a  liberal  wastage  requirement.  On  this  basis  the  author  has 

'Th  *  s  on  •  pro  >  e  n  is  also  discussed,  pp.  722-7J4,  of  the  Annual  Report  of  the 
State  Engineer  and  surveyor  for  1HW5. 
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assumed  from  150  to  250  cubic  feet  per  second.  Bringing  these  sev¬ 
eral  items  of  summit  water  supply  together  we  have  the  following: 

Cubic  feet  per  second. 

(1)  Lockages . - . . . .  800  800 

(2)  Evaporation . . . . . . .  5  to  10 

(3)  Percolation . . _ . . . _ .  75  to  100 

(4)  Leakage  at  gates,  etc . . . . _ .  60  to  80 

(5)  Power  and  electric  lights . . . . .  40  to  50 

(6)  Flushing  out  canal  boats,  barges,  and  timber  rafts .  50  to  60 

(7)  Wastage  at  spillways. . . _ . __ .  150  to  250 

1, 180  to  1,350 
300  to  600 

Final  total.. . . . . .  1,480  to  1,950 

As  a  conservative  summation  of  this  part  of  the  discussion  the  author 
has  assumed  1,G00  cubic  feet  per  second,  which  includes  the  feeder 
losses,  as  the  proper  basis  of  computing  draft  from  reservoirs,  provid¬ 
ing,  however,  enough  contingency  in  the  storage  to  cover  the  maximum 
draft,  should  it  ever  be  required.  As  a  main  reason  why  we  may  take 
the  quantity  of  the  water  supply  somewhat  less  than  the  maximum 
indicated  by  the  foregoing  figures,  it  may  be  pointed  out  that  the  sum¬ 
mit-level  locks,  while  740  feet  in  length  between  the  main  gates,  are 
further  provided  with  two  intermediate  sets  of  gates,  dividing  the  lock 
chamber  into  lengths  of  500  and  240  feet.  The  use  of  these  shorter 
prisms  for  locking  small  vessels  may  be  expected  to  result  in  consid¬ 
erable  saving  of  water,  but  just  how  much  can  not  be  determined  in 
the  absence  of  specific  statistics  of  lockage.1 

Proceeding  on  similar  lines  of  discussion  for  water  supply  of  supply 
level  for  21-foot  depth  of  canal,  we  reach  the  following  result: 

Cubic  feet  per  second. 


(1)  Lockages .  . . .  575  575 

(2)  Evaporation  . 4  to  8 

(3)  Percolation. . 75  to  100 

(4)  Leakage  at  gates,  etc . 50  to  60 

(5)  Power  and  electric  lights . 36  to  47 

(6)  Flushing  out  boats . 50  to  60 

(7 ;  Waste  at  spillways .  150  to  250 


Total  .  910  to  1,100 

(8)  Feeder  losses . . . _  275  to  500 

Final  total  . . . . .  1,215  to  1,600 


Taking  an  approximate  mean  of  the  foregoing  final  totals,  we  may 
fix  upon  1,400  cubic  feet  per  second,  including  feeder  losses,  as  the 
proper  supply  for  a  21 -foot  canal. 

1  Additional  reasons  for  taking  the  feeder  losses  at  less  than  indicated  in  the 
foregoing  tabulation  are  given  in  the  chapter  on  Discussion  of  proposed  Black 
River  feeder. 


Total  _ 

(8)  Feeder  losses 
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WATER  SUPPLY  FOR  LoW-LKVEL  SHIP  CANAL. 

Tin*  detailed  data  of  this  project  not  having  furnished  to  tho 

author,  tin*  following  discussion  must  be  taken  as  an  approximation 

merely. 

Tin*  project  fora  low-level  cjinal  includes  cutting  through  the  Koine 
ridge  from  the  low-wafer  level  of  Oneida  Lake  (3US.50  + T.  \V.)  to 
Mohawk  Valley,  tit  Little  Falls.  In  order  to  obtain  a  water  supply  for 
openit  ing  the  locks  at  cither  end,  etc.,  it  is  proposed  to  make  ji  storage 
on  the  surface  of  ( >neida  Lake  ami  the  connecting  cjinal.s  to  the  depth 
of  7  feet.  The  locks  Jit  the  ends  jire  assumed  to  have  i'0-foot  lifts. 

Kvaporjit  ion  loss  will  be  t  hat  due  tot  he  surface  of  <  bicida  Lake,  as 
well  as  of  the  minil  from  tho  summit-level  lock  lielow  Urewerton  to 
Little  Falls.  Percolation,  however,  jisido  from  lea kjtge  of  dikes 
jiround  west  end  of  Oneida  Lake,  will  be  nothing. 

The  lluct  nation  of  Oneida  Lake  will  he  taken  to  occur  lietwoen  ele¬ 
vations  .‘Ji'-s. 5  and  .'175.5,  for  which  elevations  we  may  assume  it  mean 
area  of  Jibont  85  square  miles.  We  huve,  then,  tin*  approximate  water 
sitrfjiee  of  lake  and  cjiiuil  between  locks  equal  to  SS.7  square  miles, 
from  which  the  eva  porn  t  ion  for  the  navigation  mouths,  April  15  to 
November  .'{<>,  inclusive,  nuiy  be  taken  on  the  basis  of  the  means 
of  the  Rochester  measurements,  at  29.92  inches,  or,  ;is  these  figures 
jire  means,  we  may  say  30  inches,  which  equals  2. 5  feet.  This  leaves 
jin  elfect  ivo  stonige  on  Oneida  Lake  and  the  canal  of  L 5  feet  over  8s. 7 
square  miles.  The  total  storage  of  7  feet  on  SS.7  square  miles  would 
1h*  17, 309, 1599, OlM)  ellhie  feet.  The  effect  ive  storage  of  4. 5  feet  depth 
would,  however,  only  be  1 1,127, <»U3,ihX)  cubic  feet. 

If  we  assume  the  run-off  of  the  growing  and  replenishing  periods 
of  st  reams  t  ributarv  to  <  hieida  Lake  in  an  ordinary  dry  water  year  Jit 
4  indies,  w  e  have  an  addition  to  t  he  effect  ive  stonige  of  1  1,75<>,OOo,(Hmi 
cubic  feet.  Tin*  total  available  storage  becomes,  then,  22,S85,000,oo0 
cubic  feet,  equivalent  to  1,190  cubic  feet  per  second  for  222  days. 

\Yc  will  now  est  imate  the  water  supply  required  for  ji  low-level  canal 
30  feet  in  depth.  Iiuismuch  jis  evjiporat ion  has  been  allowed  for  in 
tin*  preceding  discussion,  we  may  leave  that  out  of  t lie  account .  We 
will  ;ilso  includeonly  a  small  percohit ion  allowance  for  leakjige  t  h rough 


the  dikes  near  Urewerton. 

Cubic  feet  j>er  »e<-und. 

( 1 )  Lockages . . .  Son  S00 

i  1  ’eroolath  >n  . . .  10  to  90 

(8)  Leakage  at  gates,  etc . 00  to  SO 

(4)  Power  and  electric  lights  ...  .  4o  to  80 

(5)  Flushing  out  canal  boats,  barges,  and  timber  rafts .  50  to  l>0 

(6)  Wastage  at  spillways  ......  40  to  90 


Total .  1.000  to  1J00 


With  the  large  storage  area  of  Oneida  Lake,  wastage  at  spillways 
ought  not  to  exceed  about  4<)  to  99  cubic  feet  per  second,  Jind  nmy  be 
even  less.  In  any  ruse,  tin*  preceding  figures  show  that  for  ordinary 
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years  there  would  be  a  clear  surplus  of  DO  cubic  feet  per  second. 
Hence  this  item  does  not  enter  specially  into  the  account. 

We  will  assume  that,  with  all  contingencies,  the  larger  quantity  of 
the  preceding  tabulation — 1,100  cubic  feet  per  second — is  the  least 
figure  to  be  used  for  water  supply  of  low-level  canal.  Let  us  examine 
as  to  whether  this  supply  can  be  obtained  in  an  extreme  minimum  dry 
year.  The  quantity  of  1,100  cubic  feet  per  second  amounts  for  222 
days  to  21,100,000,000  cubic  feet,  which  is  equivalent  to  7.25  inches 
on  Oneida  Lake  catchment  area  of  1,205  square  miles.  Probably  if 
we  were  to  have  such  an  extreme  dry  year,  as  has  been  shown  to  be 
possible  in  the  chapter — Meteorology  of  New  York  and  the  Rela¬ 
tion  of  Precipitation  to  Run-off — Oneida  Lake  catchment  area  b}r 
itself  might  not  yield  quite  7.25  inches.  The  entire  Upper  Mohawk 
area  of  1,306  square  miles  above  Little  Falls  would,  however,  be 
tributary  to  the  canal,  and  by  proper  regulation  a  portion  of  its  run¬ 
off  could  be  stored  on  Oneida  Lake,  thus  insuring  an  ample  water 
supply  for  a  low-level  canal  under  the  most  adverse  conditions  and 
without  resort  to  artificial  reservoirs.  From  this  point  of  view  there 
is  no  reason  for  doubting  the  adequacy  of  the  water  supply  for  low- 
level  canal  under  the  most  adverse  meteorological  conditions  of 
which  it  is  possible  to  conceive.  The  large  storage  of  Oneida  Lake 
would  undoubtedly  prove  ample  for  all  contingencies. 

The  preceding  discussion  having  shown  adequacy  of  water  supply 
for  low-level  summit  canal  30  feet  in  depth,  it  follows  that  supply  of 
low-level  canal  21  feet  in  depth  is  equally  assured. 

WATER  SUPPLY'  FROM  STATE  RESERVOIRS  OX  THE  MOHA WK-SUSQUE- 

HANNA  DIVIDE. 

The  water  supply  of  the  abandoned  Chenango  Canal  included  sev¬ 
eral  reservoirs  on  the  dividing  ridge  between  Oriskany  Creek  and 
Chenango  River  drainage  and  which,  since  the  abandonment  of  Che¬ 
nango  Canal,  have  been  retained  as  feeders  for  Erie  Canal,  water 
therefrom  being  delivered  into  Erie  Canal  at  Utica  through  the  aban¬ 
doned  Chenango  Canal.  These  reservoirs  are  situated  in  Madison, 
Eaton,  Nelson,  and  Lebanon  townships  in  Madison  County  and  include 
the  following:  Hatchs  Lake,  Eaton  Brook,  Bradley  Brook,  Leland 
Pond,  Madison  Brook,  and  Kingsley  Brook  reservoirs.  Their  main 
characteristics  and  storage  capacity  in  cubic  feet  are  shown  by  the 
following: 


Name  of  reservoir. 

Distance 
to  Erie 
Canal. 

Average 

area. 

Average 

depth. 

Storage 

capacity. 

Hatchs  Lake.. . . 

Miles. 

:«> 

38 

35 

25 

29 

33 

Acres. 

'  214' 

Feet. 

10 

50 

25 

8 

45 

20 

Cubic  feet. 
58,370,400 
553.212.IHK) 
145,926,000 
59,287,040 
460, 647, 000 
98, 445, 600 

Eaton  Brook . . . . 

Bradley  Brook . .  . . . . 

Leland  Pond . 

150 

235 

Madison  Brook . . . .  __ .  . 

Kingslev  Brook . . 

Total  storage  .. 

1.375,888.010 
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Measurements  of  the  run-otT  of  Katon  and  Madison  brooks,  on  which 
are  situated  tin*  Katon  Brook  and  Madison  Brook  reservoirs,  were 
made  by  John  l’>.  Jervis  in  1835.  The  catchment  area  of  Katon  Hrook 
is  stated  at  10.6  square  miles  and  that  of  Madison  Hrook  at  It. 4  square 
miles.  The  run-off  of  Katon  Hrook  from  June,  1835,  to  I)eeeml>er  of 
that  year,  inclusive,  was  191,528,020  cubic  feet,  the  rainfall  for  the 
same  months  l>eing  19.82  inches.  The  run-off  of  Madison  Hrook  from 
January,  1835,  to  December  of  that  year,  inclusive,  was  383,986,420 
cubic  feet,  the  rainfall  of  the  period  being  35.26  inches.  The  run-off 
of  the  year  1835  from  the  Madison  Brook  catchment  area  therefore 
lweomes  15.83  inches.  We  may  safely  assume  that  in  1835  there  was 
considerably  more  timber  on  these  catchment  areas,  and  that  there¬ 
fore  the  run-off  for  a  given  rainfall  was  larger  then  than  now.1 

Referring  to  the  foregoing  table  it  is  seen  that  the  storage  capacity 
of  Katon  Hrook  reservoir  is  given  at  553, 212, 0<>0  cubic  feet  and  Madi¬ 
son  Hrook  at  460,647,000 cubic  feet,  the  sum  of  the  two  being,  roundly, 
1 ,( m k t,( •( m i,( k k i  cubic  feet.  The  entire  run-off  of  these  two  catchment 
areas,  of  which  the  total  is  2<>  square  miles,  did  not  include  in  1835 
more  than  77< >,000  cubic  feet.  In  an  extreme  drv  vear  the  yield  of 
these  areas  will  not  exceed,  under  present  conditions  of  forest  at  ion 
and  cultivation,  4»>  to  50  percent  of  the  stated  yield  in  1835.  In  view 
of  ( ioiicseo  River  record,  a*'  well  a>  gaugings  of  <  Iriskany,  Saquoit,  and 
other  creeks  issuing  from  south  side  of  Mohawk-Oncidn  Valley,  we 
probably  are  not  justified  in  assuming  more  than  about  7  inches  over 
the  catchment  area  as  total  run-olf  of  these  streams  in  a  year  of  mini¬ 
mum  flow.  These  reservoirs  have  therefore  very  little  value  for  feed¬ 
ing  the  main  deep  waterway,  although  if  kept  full  they  may  be  of 
some  use  for  emergency  supplies.  Hence  it  has  been  deemed  best  to 
omit  them  from  consideration  as  part  of  tin*  permanent  supply,  but 
inasmuch  as  in  ease  of  building  a  deep  waterway  on  the  Oswego- 
<  )neida-Molmw k-IIudson  routes,  such  construction  would  undoubtedly 
be  preceiled  by  the  abandonment  of  the  Mohawk  Valley  sect  ion  of 
Krie  (  anal,  and  consequently  Krio  Canal  reservoirs  would  be  available 
for  deep  waterway  supply.  The  suggestion  is  made,  therefore,  that 
1  hose  reservoirs  be  taken  over  in  the  final  arrangements  with  the  State 
of  New  York  and  hold  for  emergency  purposes  only,  the  channels 
leading  to  the  head  waters  of  Oriskanv  Creek  being  sufficiently 
enlarged  to  permit  of  passing,  if  necessary,  something  like  5(H)  cubic 
feet  per  second,  in  this  way  materially  assisting  the  water  supply  of 
main  deepwaterway  in  ease  of  temporary  interruption  of  supply  from 

'For  detail  of  the  measurements  of  run-off  of  Eaton  and  Madison  brooks,  as 
made  by  John  D.  Jervis  in  ls;Mf  see  Water  Supply  and  Irr.gation  Papers  of  the 
United  S  ates  Geological  Survey,  No.  24;  Water  Resources  o.  the  State  of  New 
York,  by  George  W.  Rafter,  pp.  >>7  and  a*,  where  full  reference  to  Mr.  Jervis’s 
origin-!  reports  may  la*  found. 
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t  he  usual  sources.  A  small  amount  has  been  included  in  t  he  estimates 
to  cover  the  cost  of  necessary  enlargement  of  the  feeder  channels, 
which  at  present  are  somewhat  restricted. 

DESCRIPTION  OF  BLACK  RIVER. 

The  Black  River  rises  in  the  western  part  of  Hamilton  County, 
whence  it  pursues  a  southwesterly  direction,  passing  across  Herkimer 
and  into  Oneida  County.  It  then  turns  and  runs  northwest  through 
Lewis  County,  after  which  its  course  is  westerly  across  Jefferson 
County  to  Black  River  Bay,  at  the  eastern  extremity  of  Lake  Ontario. 
The  catchment  area  of  Black  River  at  various  points,  and  of  its  main 


tributaries,  are  as  follows:1 

Square  miles. 

Black  River,  at  mouth _ _ _ _ _ _  _ _  1, 930. 2 

At  Watertown  (Remington's  dam V . .  . . . . . . .  1,891.7 

At  Watertown  (waterworks  dam  at  Huntingtonville) . . . .  1, 888. 6 

At  Black  River  village _ _  _ _ _  1, 868. 9 

At  site  of  Rawson's  dam  ( 4  miles  below  Carthage)  . . .  ...  1, 824. 1 

At  Carthage .  .  . .  .  ..  . . .  1,812.2 

Above  mouth  of  Moose  River  . . . . . .  . . .  463.0 

Forestport .  . . . .  . . . .  238.0 

Beaver  River,  at  mouth.  . . ... . . .  .  337.5 

Beaver  River,  at  Beaver  Falls. . . . . . . .  322.3 

Moose  River,  at  mouth  . . . . . .  415.5 

Moose  River,  at  Agar's  mill . . . . . .  .  407. 3 

Deer  River,  at  mouth  .  . .  .  .  102.0 

Deer  River,  at  Deer  River  village _ _ _ _ _ _ _  100. 8 

Woodhull  Creek _  ..  . . . . .  108.4 

Otter  Creek  (one-half  mile  above  mouth  of  creek) . . .  ...  63. 0 

Independence  Creek,  at  mouth _  .  . . . . . . . . .  98.8 

Independence  Creek  (3  miles  above  mouth) . . .  93. 2 


The  length  of  the  river,  measured  along  its  course  from  its  mouth 
at  Black  River  Bay  to  the  head  waters,  is  112  miles. 

The  section  drained  by  the  upper  river  in  Herkimer  and  Hamilton 
counties  is  a  rugged,  mountainous  region,  with  numerous  lakes,  a 
number  of  which  have  been  utilized  by  the  State  of  New  York  as 
storage  reservoirs  to  compensate  for  water  taken  for  the  supply  of 
Black  River  and  Erie  canals. 

The  extreme  head  waters  of  the  main  river  are  Canachagala  Lake, 
North  Lake,  and  South  Lake.  Other  lakes  on  the  head  waters  of  the 
main  river  are  Woodhull,  Little  Bisby  Chain  Lakes,  Little  Woodhull, 
Chub,  Long,  White,  and  a  number  of  others.  The  chief  tributaries 
of  Black  are  the  Moose  and  Beaver  rivers,  both  of  which  rise  in  Ham¬ 
ilton  County  and  flow  across  Herkimer  into  Lewis  <  'ounty.  The  prin¬ 
cipal  lakes  at  the  head  of  Moose  River  are  Two  Sisters,  Pigeon,  Big 
Moose,  Second,  Cascade,  Fulton  Chain,  Lime  Kill,  and  Little  Moose 
lakes.  The  principal  lakes  at  the  head  waters  of  the  Beaver  River 


:  These  data  are  repeated  from  p.  577  for  convenience  of  reference. 
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aiv  Lakes  Lila  and  Frances,  Josephine  Lake,  Nchasane,  Big  Hock, 
Little  Rock,  Salmon,  Loon,  and  Twitched  lakes  and  others. 

Other  smaller  tributaries  of  Black  River  are  Black  Creek,  Little 
Woodhull  Creek,  1 1  i it  Woodluill  Creek,  Crystal  Brook,  Otter  Creek, 
Independence  Creek,  Crystal  Creek,  Swiss  Creek,  Moose  Creek,  Sugar 
River,  Whetstone  Creek,  Roaring  Creek,  Mill  Creek,  Deer  River,  and 
other  small  streams.  The  following  gives  the  elevation,  in  feet,  of  the 
main  points  on  Black  River  above  tide  waiter,  according  to  the  best 
available  informat  ion : 

Feet. 


At  mouth . 

Watertown,  west  line  of  city... 

Watertown,  at  head  of  falls _ 

Felt’s  mills,  crest  of  dam 
Carthage,  at  foot  of  rapids  .  . 
Carthage,  crest  <>f  State  dam... 
Lyons  Falls,  at  foot 
Lyons  Falls,  crest  of  State  dam 
Forestport.  crest  of  State  dam  . 

North  Branch  reservoir  . 

Chub  Lal.e  . . 

Woodhull  reservoir . 

South  Branch  teservoir . 

Moo -to  River,  at  mouth  . . 

First  Lake,  Fulton  Chain . 

Second  Lake  . 

Third  Lake  . 

Fourth  Lake . . ..... 

Fifth  L  ike  . . 

Sixth  Lake . 

Seventh  Lake  . . 

Eighth  Iaike . . . 

Little  Moose  Lake  _ _ 

Big  Moose  Lake  . 

Beaver  River,  at  mouth 
Beaver  River,  at  Number  Four 


247 
370 
41)2 
563 
609 
724 
733 
802 
1.129 
1.821 
1,599 
1 . 854 
2.019 
802 

1 . 684 
1,084 

1.685 
1,087 
1,691 
1,760 
1,702 
1.803 
1.772 
1 . 78< 

794 

1.436 


EARLY  WATER  POWER  AND  M ANTFAt  TC KI \< i  PROJECTS  ON  BLACK 

RIVER. 

Precise  knowledge  of  the  region  drained  by  Black  River  is  almost 
entirely  confined  to  the  present  century.  So  little  was  known  of  its 
geography  that  in  a  statistical  work,  Wintcrbot ham’s  View  of  the 
American  1/ n it ed  States,  published  in  1 71MJ,  it  is  stated  that  Black  River 
is  said  to  rise  “in  the  high  country  near  the  sources  of  Canada  Creek, 
which  falls  into  the  Mohawk  River  and  takes  its  course  northwest  and 
then  northeast  until  it  discharges  into  the  Cataraqui  or  Iroquois  River 
not  far  from  Swega lichee;  it  is  said  to  be  navigable  for  bateaux  up  to 
the  lower  falls,  •»<>  miles.”  That  is  to  say,  Wintcrbot  ham  understood 
Black  River  to  be  navigable  either  to  Carthage  or  possibly  Lyon 
Falls,  tin*  misapprehension  probably  having  grown  out  of  the  accounts 
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given  by  hunters  and  trappers  of  the  long,  nearly  level  stretch  of  about 
40  miles  between  Carthage  and  Lyon  Falls.  The  Black  River  is  not 
represented  on  any  of  the  early  French  or  English  maps  of  the  region.1 

Surveys  of  Watertown  Township  were  made  by  Benjamin  Wright, 
who  was  later  chief  engineer  of  Erie  Canal,  in  1796.  TTis  report  may 
be  considered  the  beginning  of  something  like  accurate  knowledge  of 
the  region.  In  regard  to  Watertown  Township  he  states  therein  that 
“township  No.  2,  on  Black  River,  is  situated  about  6  miles  from  the 
mouth  of  the  river.  This  river  is  navigable  for  bateaux  about  If 
miles,  but  yet  with  considerable  difficulty  it  may  be  ascended  21 
miles.  *  *  *  There  are  excellent  mill  seats  along  Black  River, 

where  they  are  noted  on  the  map,  and  many  more,  which  it  is  impos¬ 
sible  to  note  with  certainty,  as  the  river  the  whole  distance  on  the 
town  is  very  rapid  except  at  the  northeast  corner  for  about  three- 
quarters  of  a  mile.  The  river  is  very  rocky  along  tin*  whole  distance 
and  appears  to  be  a  bed  of  limestone  rocks.” 

Settlements  began  in  Watertown  Township  on  the  site  of  the  present 
city  of  Watertown,  in  March,  1800,  three  families  having  arrived  at 
that  time,  and  these  were  the  only  ones  remaining  during  the  ensu¬ 
ing  winter,  although  many  visited  Watertown  during  the  summer  of 
1800  on  prospecting  tours,  who  subsequently  settled  there.  The  pre¬ 
cise  history  of  the  region  began,  therefore,  in  the  fullest  sense,  with 
the  nineteenth  century.2 

According  to  Dr.  Hough,  the  name  of  Watertown  Township  was 
doubtless  suggested  by  the  extraordinary  amount  and  convenience  of 
its  water  power,  for  which,  Dr.  Hough  says,  it  will  compare  favorably 
with  any  place  in  the  State.  “To  this  cause  may  be  mainly  attributed 
its  early  and  rapid  growth  and  the  superiority  in  wealth  and  business 
which  it  enjoys  far  beyond  any  other  place  in  the  county.” 

Watertown  is  the  county  seat  of  Jefferson  County.  According  to 
the  census  reports  the  imputation  of  the  township  in  1800  was  119;  in 
1810  it  was  1,841;  in  1820,  2,766;  in  18:30,  4,768;  in  1840,  5,027;  in 
1850,  7,201 ;  in  1860,  7,567.  In  1869  the  city  of  Watertown  was  erected 
from  territory  taken  from  the  townships  of  Pamelia  and  Watertown. 
In  1870  the  population  of  the  city  of  Watertown  was  9,8:36,  the 
population  of  the  township  being  in  that  year  1,87:3;  in  1880,  the  popu¬ 
lation  of  the  city  was  10,697,  and  the  township  1,264;  and  in  1890  the 
city  was  14,725,  and  the  township,  1,215.  The  township  of  Pamelia 
had  a  population  in  1860  of  2,789,  and  in  1870,  1,292,  the  difference  in 
this  case  evidently  being  chiefly  due  to  the  absorption  of  a  portion 
into  the  city  of  Watertown.  As  in  the  case  of  Watertown  Township, 
however,  the  population  of  Pamelia  has  been  gradually  lessening  dur¬ 
ing  the  last  two  census  decades.  In  1880  it  was  1,143,  and  in  1890, 


1  See  preface  to  A  History  of  Jefferson  County,  by  Franklin  B.  Hough,  Water- 
town,  1854. 

2  For  early  history  of  settlements  on  Black  River  see  Hough’s  history. 
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1,1<»4.  Plotting  a  population  curve  for  the  city  of  Watertown  with 
the  data  of  the  censuses  of  1870,  1880,  and  1890,  we  learn  that  the 
probable  population  in  1900  will  1m*  22,800,  and  in  1905,29,300.  Since 
its  incorporation  as  a  city  the  development  of  the  manufacturing 
industries  of  Watertown  lias  been  very  rapid. 

In  addition  to  Watertown  the  other  chief  water-power  points  of  the 
Black  River  Valley  an*  Dexter,  Brownville,  Black  River  Village,  Kelts 
Mills,  tircat  Bend,  Carthage,  Lyons  Falls,  and  Port  Leyden.  There 
arc  also  extensive  water  jmwers  on  the  Beaver  and  Moose  rivers,  tribu¬ 
taries  of  the  Black,  but  which,  aside  from  Beaver  Falls,  we  are  not 
specially  concerned  with  in  this  present  report,  nor  are  we  specially 
concerned  in  this  report  with  water  J lowers  on  the  main  stream  alsive 
Lyons  Falls. 

The  chief  object  of  this  chapter  is  to  present  a  concise  view  of  the 
relation  which  the  development  of  Black  River  water  power  has  had 
to  the  growth  of  the  region  as  a  whole,  such  discussion  leading  to  a 
broad  consideration  of  the  effect  of  materially  interfering  with  the 
development  of  the  manufacturing  interests.  We  will  endeavor,  in 
short,  to  discuss  the  economic  proposition  involved  in  seriously  inter¬ 
fering  with  the  productive  industries  of  an  extensive  manufacturing 
community. 

Without  going  into  an  extended  account  of  the  early  manufactur¬ 
ing  establishments  of  the  Lower  Black  River,  we  may  still  give  enough 
to  show  that  manufacturing  has  always  l»een  a  leading  occupation  of 
the  Black  River  Valley  population. 

HF.XTKK. 

At  Dexter  manufacturing  improvements  were  liegun  in  1811  by 
Jacob  and  John  Brown,  who  built  a  dam  across  the  river,  which,  how¬ 
ever,  was  carried  away  by  high  water  the  next  season.  It  was  replaced 
and  in  1813  a  sawmill  put  in  operation.  In  182*i  John  K.  Brown 
erected  a  gristmill.  James  Wood  «fc  Sons  began  the  erection  of  a 
woolen  factorv  about  1830,  and  in  183»!  the  Jefferson  Woolen  Com- 
pany  was  formed  with  $100,000  capital  for  tin*  construction  and  opera¬ 
tion  of  a  woolen  mill.  The  mill  was  built  in  1837,  but  the  investment 
soon  proved  a  failure.  Subsequently  the  mill  was  operated  by  private 
part  ies. 

BKOWNVILLK. 

Jacob  Brown  erected  a  sawmill  at  Brownville  in  1800  and  a  grist¬ 
mill  in  18<»2,  but  it  was  not  until  180«>  that  a  dam  was  built  across 
Black  River  at  this  place.  In  1  si 4  a  company  was  formed  to  con¬ 
struct  and  operate  a  cotton  mill  at  Brownville  with  a  capital  stock  of 
$100,000.  This  mill  was  operated  with  varying  fortunes  until  about 
1800.  In  1820  a  woolen  factory  and  various  other  enterprises  were 
inaugurated. 
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WATERTOWN. 

At  Watertown  the  first  dam  was  built  across  the  south  channel  at 
Beebee’s  Island  by  Jonathan  Cowan  in  1802  to  operate  a  gristmill.  In 
1805  Coffeen’s  dam  was  built  at  the  lower  falls  and  about  1814  the  dam 
at  Soules  Island  was  constructed,  but  it  was  not  until  1835  that  the 
large  dam  across  the  north  channel  at  the  head  of  Beebee’s  Island  was 
built.  According  to  Dr.  Ilough,  these  four  original  dams  of  1802, 
1805,  1814,  and  1835  were  still  standing  in  1854,  but  the  flood  of  I860, 
at  any  rate,  worked  sad  havoc  with  some  of  them.  The  present  stone 
dam  across  the  south  channel  of  Beebee’s  Island  was  constructed  in 
1869. 

The  first  important  manufacturing  industry  other  than  the  grist 
and  saw  mills  was  Caswell’s  paper  mill,  started  in  1808.  This  mill 
was  the  forerunner  of  the  paper  industry  on  Black  River  The 
machinery  consisted  of  a  small  rag  machine,  carrying  about  150 
pounds  of  rags;  two  or  three  pota«h  kettles,  set  in  a  brick  arch,  for 
boiling  rags  and  preparing  sizing;  one  vat  for  making  the  paper  sheet 
by  sheet,  and  a  rude  standing  press  to  squeeze  the  water  out  of  the 
pack.  After  pressing,  the  sheets  were  taken  from  the  pack  and  hung 
on  poles  to  dry,  and  if  intended  for  writing  paper  were  afterwards 
dipped  in  sizing  and  again  dried.  The  entire  process  was  worked 
without  the  use  of  steam  or  bleaching  material.  As  a  substitute  for 
calendering  the  sheets  were  pressed  between  boards.  The  output 
was  about  150  pounds  of  paper  per  day.  This  mill  continued  to 
make  paper  until  1833,  when  it  was  sold  to  Knowlton  A  Rice,  who 
had  begun  the  manufacture  of  paper  on  a  more  extended  scale  in 
1824.  This  firm  continued  to  be  the  only  paper  manufacturers  on 
Black  River  until  1854,  in  which  year  I.  Remington  A  Sons  fitted  up 
a  mill  with  four  rag  machines  and  an  84-inch  Fourdrinier  machine. 
This  mill  made  newspaper  only  and  had  a  capacity  of  3  tons  per  day. 
From  these  small  beginnings  have  grown  up  the  extensive  paper 
industries  of  Black  River,  as  shown  by  the  accompanying  statistics 
of  manufacturing  on  that  stream  as  it  existed  in  1898. 

As  already  stated,  the  first  manufacturing  industry  in  the  village 
of  Watertown  was  the  primitive  gristmill  built  by  Jonathan  Cowan 
in  1802.  This  was  the  forerunner  of  extensive  flouring  mills  at  this 
place  later  on.  The  Bailey  A  Clark  and  Coffeen  mills,  of  small 
capacity,  were  both  built  at  some  date  previous  to  1812,  but  it  was 
not  until  1835  that  Joseph  Sheldon  and  Philo  C.  Moulton  built  the 
Union  Mills,  with  a  capacity  of  200  barrels  of  flour  per  day.  The 
Excelsior  Flour  Mills  were  erected  by  Moulton  A  Simons  in  1845. 
This  mill  is  now  operated  by  the  A.  II.  Herrick  A  Son  Company, 
incorporated  in  1895  with  a  capital  of  $50,000  by  A.  H.  and  E.  W. 
Herrick  and  George  G.  Lee.  This  mill  has  a  capacity  of  100  barrels 
of  wheat  flour  and  100  barrels  of  buckwheat  per  day.  The  Jefferson 
Flour  Mills  were  erected  in  1855  and  operated  until  about  1880,  when 
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the  property  was  sold  to  Knowlton  brothers  ami  converted  into  a  pulp 
mill.  The  Crescent  Flour  Mills  were  lmilt  by  Fuller,  Isdell  A  Wil¬ 
lard  in  ls7<>  and  succeeded  the  old  IMnenix  Mill  of  earlier  years, 
which  was  carried  away  by  the  flood  of  1  SOI*.  Crescent  Mill  now  has 
19  stands  of  rolls,  a  daily  capacity  of  2<mi  barrels  of  flour.  The  Elec¬ 
tric  Mill,  built  in  lS'.ia,  is  operated  by  electrical  power  derived  from 
wheels  of  Taggart  brothers  Company.  It  is  used  exclusively  for 
grinding  feed,  and  has  a  capacity  of  2“>0  barrels  per  hour. 

In  the  early  days  of  Watertown  several  tanneries  were  operated, 
the  first  industry  of  this  character  having  been  established  in  IsiiK, 
in  which  year  C.  McKuight  set  up  a  saddle  and  harness  business  and 
prepared  and  tanned  his  own  leather.  Jason  Fairbanks  established 
an  extensive  tannery  in  1  s23,  although  he  had  done  tanning  on  a  small 
scale  for  several  years  prev  ions  t  hereto.  I  loll  A:  Beecher  established  a 
tannery  at  some  date  previous  to  1830,  which  remained  in  operation 
until  carried  away  by  the  flood  of  ISaii.  Se\eral  of  her  tanneries  were 
started  at  difTerent  times,  but  with  the  changed  conditions  of  business 
they  have  all  passed  away.  These  tanning  establishments  all  used 
jMiwer  from  Black  River  for  grinding  bark. 

beginning  w  it  h  t  he  time  of  t  he  war  of  ls|  2  to  IM.’i,  t  he  mauufaet lire 
of  cotton  and  woolen  goods  became  an  important  industry  on  black 
River,  the  black  Hi ver  (  often  and  Woolen  Manufacturing  Company 
having  been  incorporated  in  1813  with  a  capital  of  *1<h),(mm».  (u  ls-J7 
Levi  bccl*eo  erected  t  lie  JelTcrsoii  Cot  toil  M  ills,  equipped  with  10,000 
spindles  and  said  to  have  cost  about  $200J*oo,  Iwing  at  that  time  one 
of  the  largest  cotton  mills  in  the  State.  This  mill  was  destroyed  bv 
fire  in  ls.33.  Watertown  Cotton  Mills  Company  was  incorporated  in 
lsJl  with  a  capital  of  ft  100,000.  This  company  ran  ’>0  looms,  but  after 
several  years,  the  business  becoming  unprofitable,  it  was  discontin¬ 
ued.  Tin*  Hamilton  Woolen  Mills  Company,  which  developed  the 
water  power  at  the  head  of  SewalFs  Island,  was  established  in  IS.}.’) 
with  a  capital  of  $10O,(Xm>.  The  dam  and  factory  were  built  in  1830. 
In  1  M2  t  lie  plant  was  purchased  by  t  he  black  Hi  ver  Woolen  Company, 
which  built  a  new  mill  and  carried  on  a  fairly  successful  business  until 
1M1,  when  the  plant  was  burned.  Subsequently  the  business  was 
revival  by  Loomis  A  Co.,  w  ho  employed  about  70  hands  in  the  mauu¬ 
faet  u  re  of  woolen  goods.  Other  mauufaet  uring  enterprises  of  this  class 
were  the  Watertow  n  Woolen  Company  and  the  Watertown  Wot »len 
Manufacturing  Company.  The  cotton  and  woolen  manufacturing 
establishments  on  black  River  are  now  all  out  of  existence. 

The  machine  shop  of  Nathaniel  Wiley,  established  about  1820,  was 
the  first  iron-manufacturing  establishment  at  Watertown.  In  1823 
( Jeorge  Holding  established  a  machine  shop  on  Sewall's  Island,  making 
mill  gearings,  factory  machines,  and  an  occasional  steam  engine. 
This  shop  ultimately  led  to  the  founding  of  the  present  baglev  & 
Sewall  Company,  which  is  one  of  the  largest  establishments  of  its 
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kind  in  the  northern  part  of  the  State,  employing  about  125  hands, 
chiefly  in  the  manufacture  of  paper-mill  machinery.  The  Watertown 
Steam  Engine  Company  has  grown  out  of  a  small  business  established 
by  Hoard  &  Bradford  in  1851.  These  works  employ  about  225  men 
and  manufacture  high-speed,  direct-acting  engines,  stationary  and 
portable,  and  agricultural  engines  and  boilers  of  all  kinds.  The  New 
York  Air  Brake  Company,  which  is  stated  to  be  the  largest  manufac¬ 
turing  industry  at  Watertown,  dates  back  to  1861.  The  foundry  of 
this  company  uses  water  power  from  the  Black  River. 

A  large  number  of  other  manufacturing  establishments  have  been 
established  at  Watertown,  taking  water  power  from  Black  River,  as, 
for  instance,  the  Union  Carriage  and  Gear  Company,  Watertown  Brass 
and  Manufacturing  Company,  Watertown  Thermometer  Company, 
the  Elwood  Silk  Company,  Harmon  Machine  Company,  and  the  II.  II. 
Babcock  Company,  and  others,  as  maybe  determined  by  reference  to 
the  accompanying  table  of  water  power  in  use  on  Black  River  in  1808. 
The  II.  II.  Babcock  Company  is  one  of  the  leading  carriage  manu¬ 
facturing  industries  of  the  State.  When  working  at  full  capacity 
this  company  emploj'S  about  175  hands. 

BLACK  RIVER  VILLAGE. 

A  sawmill  was  built  at  this  place  in  1800,  which  was  carried  away 
by  high  water  and  rebuilt  the  next  year.  A  gristmill  was  erected  in 
1810  and  another  sawmill  in  1815.  In  1839  David  Dexter  founded 
an  extensive  chair  factory.  Other  early  industries  were  Poor’s  chair- 
stock  factory  and  Wilcox  coffin  and  casket  works,  which  have,  how¬ 
ever,  given  way  to  more  recent  enterprises.  Various  other  milling 
industries  have  been  operated  at  this  place  at  various  times.  The 
industries  now  established  at  Black  River  village  are  shown  by  table 
No.  128. 

FELTS  MILLS. 

A  dam  was  constructed  across  Black  River  at  this  place  in  1821, 
and  in  1822  what  is  known  as  the  old  stone  mill,  which  still  stands, 
was  erected.  It  has  not  been  operated  for  the  last  ten  years.  Large 
sawmills  were  erected  by  John  Felt  about  1824.  The  Taggart  Paper 
Co m pan 3',  which  is  now  the  only  industry  using  water  power  at  Felts 
Mills,  erected  its  plant  in  1889. 

GREAT  BEND. 

A  dam  was  constructed  across  the  Black  River  at  this  place  in  1806 
and  a  sawmill  built,  which  was  soon  carried  away  1  >y  high  water  but 
at  once  replaced.  Between  1815  and  1824  the  place  developed  a 
number  of  milling  enterprises,  which  are  not  specifically  described 
in  the  early  history.  The  large  mill  of  the  Taggart  Paper  Company 
is  now  the  only  water-power  industry  at  this  place. 


H.  Doc,  149 - 53 
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carth  a<;e. 

At  Carthage  we  have  what  art*  known  as  tin*  long  falls  of  Black 
Rivt*r,  tin*  river  falling  at  this  place  55  feet  vertically  in  a  distance  of 
4,0<m»  feet.  The  first  water-power  establishment  was  David  Co  flf ecu’s 
grist  mill,  erected  on  the  west  hank  of  the  river  in  1st  Ml,  power  therefor 
being  furnished  by  a  wing  dam  extending  diagonally  up  the  stream 
from  the  mill.  A  forge,  operated  by  water  power  was  built  in  1SK1 
on  the  east  side  of  the  river,  and  Co  flf  eon’s  dam  extended  entirely 
across  in  order  to  furnish  power.  .V  blast  furnace  taking  power  from 
the  river  was  built  in  1  s  1 0 .  A  nail  factory  was  erected  in  1828. 

In  1830  a  tannery  was  erected  on  what  is  known  as  Tannery  Island. 
A  gristmill  was  built  onfiuvot's  Island  in  l>3s.  Since  that  time  there 
have  been  in  operation  on  this  island  a  forge,  a  rolling-mill,  a  grist¬ 
mill,  nail  works,  ax  factory,  broom-handle  works,  furniture  factory, 
carding  mill,  and  general  repair  shops.  The  large  rolling  mill  and 
nail  factory  of  Iliram  MeCollom  was  begun  in  1845,  who  also  built  a 
found rv  on  Furnace  Island  in  the  same  vear.  The  foundry  is  still  in 

•>  W  V 

ope  rat  ion. 

Tin*  foregoing  brief  account  of  the  early  manufacturing  industries 
of  the  lower  Black  Kiver  Valley,  while  only  a  skeleton,  is  still  exten¬ 
sive  enough  to  indicate  how  thoroughly  manufacturing  has  been  iden¬ 
tified  with  the  development  of  this  valley  from  the  very  beginning. 
It  is  certainly  clearly  shown  1  hat  the  material  prosperity  of  the  region 
has  been  greatly  advanced  by  Black  River  water  power. 

Vs  TO  THK  PERMANENCY  oK  BLACK  RIVER  RUN-OFF. 

In  view  of  the  vast  commercial  interests  in  the  proposed  deep  water¬ 
way",  provided  they  are  constructed  and  operated,  the  question  as  to 
permanency  of  Black  River  run-offs  becomes  one  of  considerable 
importance.  In  preceding  chapters  we  have  discussed  the  actually 
observed  run-offs  of  Hudson  River  for  tin*  eleven  years  from  1888  to 
1  NUs,  inclusive,  as  well  as  the  observed  run-offs  of  Black  River  from 
March,  I**!*?,  to  May,  is;*'.'.  We  also  give  farther  on  a  table  showing 
the*  effect  upon  the  promised  Black  River  reservoir  of  taking  there¬ 
from  everyday  in  the  year  2,-(X)  cubic  feet  of  water  per  second,  as 
eomjiensat ion  water  to  the  stream,  together  with  the  taking  of  what¬ 
ever  may  be  necessary  to  furnish  an  adequate  supply  for  summit- 
level  canal.  In  t lie  chapter  <  >n  the  Meteorology  of  New  York  and 
the  Relation  of  Precipitation  to  Run-off  it  has  l>een  shown  that,  rea¬ 
soning  from  precipitation  data  purely,  it  is  quite  possible  there  may 
occur  a  year  when  the  run -off  will  be  less  than  any  thus  far  observed. 

As  regards  maintaining  the  observed  run-offs  of  the  last  eleven 
years,  the  conditions  on  Black  River  are,  on  the  whole,  reassuring. 
Fora  number  of  years  the  author  has  been  gathering  data  as  to  the 
effect  of  forests  in  conserving  stream  flows,  with  the  result  of  satisfy¬ 
ing  himself  that  it  may  be  tentatively  stated  that  forests  do  conserve 
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and  increase  the  run-off  of  issuing  streams  somewhat.  The  reasons 
for  this  conclusion  are  stated  at  length  elsewhere  and  will  not  begone 
into  m  this  place. 

In  1897  the  New  York  State  legislature  passed  An  act  to  provide 
for  the  acquisition  of  land  in  the  territory  embraced  in  the  Adirondack 
Park  and  making  an  appropriation  therefor.  Under  the  terms  of 
this  act  a  forest  preserve  board  was  created,  which  has,  during  the 
last  two  years,  purchased  large  areas  on  the  head  waters  of  Hudson 
and  Black  rivers,  etc.  The  limits  of  the  Adirondack  Park  were  defined 
by  an  act  passed  in  1893.  Space  will  not  be  taken  to  describe  the 
entire  area  included  in  Adirondack  Park  any  further  than  to  state 
that  the  western  boundary  has  been  made  the  line  between  Herkimer, 
Lewis,  and  Oneida  counties.  The  south  line  is  the  south  line  of  Ham¬ 
ilton  County  extended  westerly  to  where  the  main  Black  River  inter¬ 
sects  the  west  line  of  Herkimer  County.  The  area  within  Adirondack 
Park  includes,  therefore,  the  head  waters  of  main  Black  River,  with 
its  two  chief  tributaries,  Moose  and  Beaver  rivers.  It  is  expected 
that  this  entire  area  will  in  time,  s'o  far  as  the  forests  have  been 
removed,  be  reforested  and  held  as  a  permanent  State  reserve. 

In  order  to  show  the  relative  proportions  of  virgin  forest,  culled 
area  from  which  the  merchantable  timber  has  been  removed  (which, 
in  the  case  of  the  Adirondack,  is  soft  wood),  the  cleared  area,  and  the 
water  area  for  a  considerable  extent  of  the  Adirondack  region  several 
of  the  topographical  sheets  of  the  United  States  Geological  Survey 
have  been  taken  and  the  areas  of  the  different  classes,  as  just  detailed, 
colored  in,  the  data  used  for  this  purpose  being  that  gathered  by  the 
United  States  Geological  Survey  in  the  original  preparation  of  the 
maps.  The  following  are  the  figures  derived  from  three  sheets  cov¬ 
ering  area  either  in  or  adjacent  to  the  head  waters  of  Black  River, 
namely,  Old  Forge,  Wilmurt,  and  Canada  lakes  sheets.  The  follow¬ 
ing  tabulation  shows  that  for  these  three  topographical  sheets  the  total 
area  of  virgin  forest  is  234.91  square  miles;  of  culled  area,  39.88 
square  miles;  water  area  of  lakes  and  ponds,  17.50  square  miles;  the 
total  area  included  in  the  three  maps  is  651  square  miles.  The  Rem- 
sen  sheet,  which  covers  area  just  in  the  edge  of  the  great  northern 
forest,  shows  83.98  square  miles  of  culled  area  and  133.01  of  cleared 
area,  the  total  of  the  sheet  being  217  square  miles.  Farther  to  t  he 
north  and  west,  in  the  vicinity  of  Carthage,  Watertown,  and  in  the 
lower  part  of  the  Black  River  basin,  generally  the  cleared  area  is  pro¬ 
portionately  considerably  larger  than  on  the  Remsen  sheet.  It  is  in 
many  places  substantially  like  the  Schuylerville  and  Glens  Falls 
sheets  tabulated  farther  on. 
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Topographic  sheet. 

Virgin 

foreat. 

<  'tilled 
area. 

(  'lran*< l 
area. 

Water 

area. 

Total  area. 

(1) 

(f) 

(3) 

«• 

,5* 

<«> 

Old  Forge  . . 

Wilmurt  . . 

Canada  lakes  . 

Sq.  m  Hr*. 
f». 95 

4  75 
170  31 

Sq.  milt*. 
130  85 
185  31 
47. 05 

Sq.  milr*. 
14  25 
24.38 

1  25 

Si/,  in  Hr*. 
11.  30 
1.05 

4  35 

Sq.  milt*. 

215.  40 
217  30 
217  31 

Total . 

3(4  ni 

858  7:1 
83.98 

30.  88 
133. 01 

17.50 

551.00 

217.00 

Final  total  . .  . . 

3(4  91 

442.  71 

5(2  80 

17.50 

858. 00 

The  foregoing  four  sheets  are  all  of  the  topographical  maps  of  the 
State,  either  including  or  in  the  vicinity  of  Black  Hirer  catchment 
area,  which  are  available  at  this  date.  We  have,  however,  eight 
sheets  cither  included  in  or  in  the  vicinity  of  upper  Hudson  catch¬ 
ment  area,  as  follows:  Newcomb,  Bolton,  Paradox  Lake,  Klizalieth- 
town.  Mount  Marcy,  Schroon  Lake,  and  Thirteenth  Lake  sheets.  The 
statistics  of  these  tables  are  given  in  the  following  tabulation: 

HUIWOK  RIVER. 


Topographic  theei 

Virgin 

foput. 

Culled 

area. 

Cleared 

an«a. 

Water 

area. 

Total  area. 

(1) 

(8) 

* 

1 5 1 

(•) 

Newcomb . 

S>/.  milr* 

St/,  nut*" 
18H  10 

St/,  m  ilrjt 

94  50 

Sq.  milr*. 

4  90 

Sq.  milr*. 

215  5 

tiolton . 

153 

4:1 55 

19  85 

215  4 

Paradox  1-nke  . . . 

171  Vi 

38  80 

5  35 

215.5 

Elisabethtown . 

14  4.% 
l:tH  4.*» 

187  10 

<m 

61.60 

65 

1  U 6 

1 

215 

215 
215  4 

Indian  I.ake  . 

10  4<I 

11(1  40 

5  15 

5  45 

Schroon  Lake  . 

1. 10 

172  10 

35.  80 

5  50 

215  5 

Thirteenth  Lake . 

25 

184  55 

29  50 

215  4 

Total . . . . 

154.55 

1.207.70 

70 

48  55 

1.725  7 

Fort  Ann  . . . . 

32  till 

184  70 

217  3 

Nort  h  t  'reek  .  ... 

117  40 

95  05 

2  95 

215  4 

Olena  Full* . . 

77  90 

125  HO 

12  08 

217  3 

Camlirldife  . . . 

55 

150 

8  •« 

218  2 

8<bnylerville . 

27.55 

182.55 

8 

218  2 

Total . 

31145 

749 

:c  35 

1.087  4 

Final  total . 

154  55 

1,519.  15 

1.068.70 

80  90 

2,813. 1 

The  following  are  the  totals  for  the  foregoing  eight  sheets:  Virgin 
forest,  104.05  square  miles;  eulhsl  area,  l,2o7.7o  square  miles;  cleared 
area,  304.70  square  miles;  water  area.  Is. 05  square  miles;  total  area, 
1,725.7  square  miles. 

We  also  have  live  sheets  either  in  or  in  the  vicinity  of  Hudson  Uiver 
catchment  area,  namely,  Fort  Ann,  North  Creek,  (ileus  Kails,  Cam¬ 
bridge,  and  Sehuylerville.  The  totals  for  these  five  sheets  are,  Virgin 
forest,  0;  milled  area,  311.45  square  miles;  cleared  area,  7 40  square 
miles;  water  area,  32.25  square  miles;  total  area  of  the  five  sheets, 
1 ,0x7.4  square  miles.  In  a  portion  of  the  region  covered  by  these 
sheets  the  tendency  is  for  many  of  the  hard,  stony  hill  farms  to  revert 
to  forest  conditions.  We  may  assume,  therefore,  that  throughout 
Adirondack  region  the  forest  area  is  slowly  increasing. 
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As  a  summation  of  this  discussion  it  may  be  concluded,  taking  into 
account  the  erection  by  the  State  of  New  York  of  Adirondack  Park, 
as  well  as  the  tendency  to  abandon  stony  farms,  that,  on  the  whole, 
the  conditions  governing  run-off  of  streams  on  upper  Black  River  are 
slowly  improving.  Deductions,  therefore,  based  on  what  has  hap¬ 
pened  in  the  past,  may  be  expected  to  be  realized  in  the  future. 


THE  ECONOMIC  VALUE  OF  THE  CITY  OF  WATERTOWN  TO  THE  STATE 

OF  NEW  YORK. 

In  the  State  of  New  York  there  are  seven  large  towns,  at  all  of 
which  the  original  basis  of  the  development  was  water  power,  namely, 
Lockport,  Rochester,  Oswego,  Watertown,  Little  Falls,  Glens  Falls, 
and  Cohoes.  The  recent  development  of  the  city  of  Niagara  Falls  is 
also  due  purely  to  the  water  power  of  Niagara  River,  but  this  was  not 
the  original  basis  of  growth.  The  attraction  of  the  falls  as  a  great 
natural  curiosity  gave  this  place  its  original  impulse.  There  are  also 
a  number  of  smaller  places  in  the  State  where  water  power  has  devel¬ 
oped  towns,  but  the  foregoing  are  the  larger  ones.  Moreover,  so 
strong  has  been  the  impulse  of  the  water  power  that  several  of  these 
towns  have  developed  at  locations  where  there  were  serious  adverse 
conditions.  Thus  at  Lockport  there  is  no  water  supply  within  rea¬ 
sonable  distance.  Even  in  1899,  aside  from  the  original  wells  of  the 
town,  the  water  supply  is  still  taken  from  Erie  Canal,  which  receives 
the  sewage  of  over  00,000  people  at  Buffalo.  Lockport  is  an  especially 
interesting  case,  because  t lie  original  water  power  at  that  place  was 
artificially  created  by  the  construction  of  Erie  Canal.1 

At  Rochester  the  conditions  were  also  somewhat  forbidding.  An 
extensive  black-ash  swamp  occupied  the  area  now  covered  by  the 
original  first,  second,  and  third  wards  of  that  city  and  which  is  now 
largely  the  business  part  of  the  town. 

Because  of  its  location  on  Lake  ( fntario,  and  at  the  mouth  of  Oswego 
River,  Oswego  may  be  possibly  considered  a  natural  town  site, 
although  considerable  amounts  have  been  expended  to  construct  a 
harbor  there,  while  not  very  far  away  the  fine  harbors  of  Sodus  bays 
are  still  practically  unutilized.  By  way  of  comparing  the  Sodus  bays 
harbors  with  Oswego,  we  may  refer  to  the  Annual  Report  of  the  Chief 
of  Engineers  for  the  fiscal  year  ending  June  30,  1898,  from  which  it 
appears  that  the  total  amount  expended  for  harbor  at  Great  Sodus 
Bay  from  May  23,  1828,  to  June  3,  1896,  inclusive,  is  $475,646.80;  at 
Little  Sodus  Bay  from  August  20,  1852,  to  June  3,  1896,  total  amount 
expended  is  $332,941.77 ;  and  at  Oswego  from  March  20,  1826,  to  June 
3,  1896,  the  total  amount  expended  is  $1,902,612.87.  Had  it  not  been 
for  the  water  power  at  Oswego  it  is  quite  possible  that  the  chief  town 


1  For  brief  account  of  development  of  water  power  at  Lockport  see  Water  Supply 
and  Irrigation  Paper.  No.  25,  of  the  United  States  Geological  Survey— Water 
Resources  of  State  of  New  York,  Part  II,  pp.  79-82.  By  George  W.  Rafter. 
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of  t lie  east  «*n«  1  of  Lake  Ontario  might  have  been  located  at  some 
place  ot her  than  the  mouth  of  the  Oswego  River,  although  in  consid¬ 
ering  these  figures  as  to  cost  of  harbor  we  may  properly  take  into 
account  that  Oswego  has  become  a  large  town,  while  there  are  still 
only  very  small  towns  on  Sod  us  bavs. 

At  Watertown  the  conditions  for  building  a  city  may  be  considered 
fairly  favorable,  and  the  advantage  of  Black  River  water  power  has 
been  accentuated  by  the  admirable  site. 

At  Little  Falls  rocky  ledges  of  a  narrow  river  gorge  have  operated 
to  make  t he  cost  of  building  a  town  expensive,  and  t he  locat ion  of  the 
water  power  at  that  point  has  been  the  governing  condition. 

Cohoes  would  not  be  selected  as  the  site  of  a  city  aside  from  the 
location  of  extensive  water  power  there. 

(Reus  Falls  may  be  considered  a  good  site,  and  small  towns  like 
the  neighboring  villages  of  Fort  Kdward  and  Sandy  Hill  would  prob¬ 
ably  in  any  event  have  grown  up  at  this  point. 

Generally  we  may  say  that  had  it  not  been  for  the  waterpower 
these  seven  chief  manufacturing  towns  of  New  York  would  either 
never  have  come  into  existence,  or  at  any  rate  would  not  have  devel¬ 
oped  to  any  such  extent  as  we  now  find  them.  In  taking  this  view, 
however,  it  is  not  overlooked  that  with  the  towns  once  started 
other  causes  have  contributed  in  some  cases  very  materially  to  their 
advancement.  What  may  In*  fairly  assumed  is  that  the  water  power 
was  not  only  the  determining  cause  for  the  location  of  all  these 
towns,  but  that  they  have  grown  much  larger  on  account  of  possess¬ 
ing  the  water  power  than  they  would  otherwise  have  grown.  It  is 
also  assumed  that  some  of  the  locations  are  so  unsatisfactory  as 
to  have  prevented  the  growth  of  any  town  except  there  were  some 
strong,  predetermining  cause  like  the  possession  of  water  power.  It 
appears  projwr  therefore  to  examine,  in  the  present  connection,  as 
to  the  economic  value  of  the  water  powers  of  Black  River  Valley  to 
the  State  of  New  York. 
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Table  No.  127. — Economic  statistics  of  the  city  of  Watertown,  X.  Y. 


State  tax. 

Total 
State 
tax  on 
an  equal 
area  of 
farming 
in  the 
adjoin¬ 
ing 
town¬ 
ship  of 
Water- 
town. 

Annual 

net 

profit  to 
the  State 
on  ac¬ 
count  of 
the 
city  of 
Water- 
town. 

(7)  — (8) 

Present 
value  of 
the  an¬ 
nual  net 
profit,  be¬ 
ing  total 
increase 
in  wealth 
in  the 
State  by 
reason  of 
the  values 
created 
at  Water- 
town. 

Year, 

Area. 

As¬ 

sessed 

valua¬ 

tion. 

Rate 
on  the 
dollar. 

For 

schools. 

Exclu¬ 
sive  of 
school 
tax. 

Total. 
Sum  of 
(5)  and 
(6) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

18(59 . 

.  ten  x, 

3, 237 

$3,171,702 

§0. 0059 

$4, 123. 98 

$14,433.88 

.Sis,  557.  si 

$449. 14 

$18,108.72 

$130, 937.  73 

1870 . 

3.237 

3. 143,391 

.0073 

3,911.01 

19,059.16 

22,970. 17 

555. 14 

22, 415. 03 

124,289.74 

1871 . . 

3,237 

3,315.210 

.  0054 

3, 992. 10 

14, 078. 82 

18, 070. 92 

404.78 

17, 666. 14 

90, 303.96 

1872 . 

3.237 

3,42(5.873 

.0090 

4, 130.52 

26,848.37 

30, 978. 89 

680. 23 

510. 298. 66 

146. 110.94 

1873....  .. 

3.237 

3, 038. 820 

.0068 

4. 481.  77 

20, 408. 85 

24, 890. 62 

511.14 

24,5179.48 

110, 911.81 

1874 . 

3. 237 

4,285,012 

.0063 

4,727.17 

22. 4557. 45 

27. 164. 62 

553. 60 

26,611.02 

114,211.29 

1875 . . 

3.237 

7, 838, 424 

.  0031 

5.057.0O 

19, 219. 00 

24, 276. 05 

496.  82 

23. 779. 18 

96. 280.  .553 

187(5 . 

3. 237 

7,857.258 

.0017 

4.974.12 

8, 784.  42 

13,758.54 

308. 88 

13, 449. 66 

51,374.43 

1877 . 

3. 2517 

7, 2(57. 553(5 

.0023 

5,214.85 

9. 540. 96 

14, 755. 81 

5141.04 

14,414.77 

51,944  25 

1878  _ 

3.237 

4, 490, 122 

.  0027 

4,553.68 

7, 779. 57 

12,333.25 

296. 62 

12,0516.63 

40.919  516 

1879 . . 

3, 237 

6,196,145 

.0020 

4,  764. 80 

7, 796. 55 

12. 561. 515 

307. 84 

12, 253.51 

39.298.73 

1880 . 

3,237 

5,737.927 

.  0025 

4,431.39 

9,800.24 

14,231.63 

370. 52 

13, 861 . 1 1 

41,938.24 

1881 _ 

3,237 

5. 099, 394 

.0017 

4. 509. 22 

4. 390. 55 

8. 899. 77 

235. 17 

S,  664. 60 

24.7531. 14 

1882... . 

3,237 

5,612.152 

.0017 

4. 396. 55 

5. 395.  76 

9, 792. 31 

260. 69 

9,531.62 

25.  (ititi.  51 

1883 . 

3. 2517 

5, 360, 216 

.  0024 

4,219.60 

8,490.07 

12,709.67 

51513.  41 

12. 5176. 2(1 

31.439.94 

1884  _ 

3.237 

5,338  693 

.  0019 

4,108.08 

5,918.  74 

10,026.82 

253.  (it 

9.773.14 

23. 421.92 

1885. . . 

3,237 

5, 345. 961 1 

.0021 

3,  777. 82 

i,  403. 86 

11,181.68 

268.  57 

10, 913.16 

24.673.64 

1886 . 

3.237 

5, 300, 001 

.  0022 

4. 490. 84 

7. 029. 15 

11,519.99 

283.  67 

11.236.512 

24. 9  i(i  23 

1887 . 

3, 237 

5, 363. 697 

.0020 

4,389,54 

6.5184.  79 

10.774.513 

264.  05i 

10,509.70 

21.  147.60 

1888 . 

3. 237 

5, 483, 851 

.  0018 

4,085.09 

6,  617. 82 

10.702.91 

258. 24 

10.444.67 

19,821.12 

1889 . 

3,237 

5, 653, 686 

.  0027 

4,101.99 

10.783.60 

14,885.59 

349. 54 

14.5516.05 

2i,  031.  87 

1890  _ 

3,237 

5, 744, 195 

.  0018 

4, 54(5. 29 

5.  (582.  84 

10,229. 13 

235. 10 

9,994.03 

16,884.67 

1891  . . 

3,237 

(»,  230, 433 

.0010 

4.  725. 6(5 

1.772.09 

6. 497.  75 

135. 67 

6,5162.08 

10, 140.08 

1892 . 

3. 237 

7.329,440 

.  0015 

5, 569. 14 

5, 457. 56 

1 1 . 026. 70 

1951. 61 

10,833. 06 

16,288.92 

1893 . 

3.237 

8,010,611 

.0021 

(5,191.02 

10.  .5514.  46 

16,725.48 

262.  451 

16, 463. 05 

23.5313  15 

1894  . 

3. 2517 

8,201,452 

.0017 

6.078.89 

8. 240. 96 

14.319.85 

216.34 

14. 103.51 

18. 873. 68 

1895 . . 

3,237 

8,481,123 

.0026 

6,197.09 

15, 544. 31 

21.741.40 

312. 63 

21.428.77 

27, 053. 514 

189(5 . 

3,237 

8.816.620 

.0028 

6. 816. 57 

151. 448. 81 

20,265.38 

279. 510 

19,986.08 

21, 8053.  75 

1897 . 

3, 237 

9, 287, 426 

.  0021 

6, 452. 72 

13.117.03 

19,569.  75 

270. 44 

19,299.31 

21.684.71 

1898 . 

3,237 

9, 359,  (512 

.0017 

0, 605. 50 

10,306.49 

16,911.99 

229. 50 

16, 682.  49 

17, 683. 44 

Total.. 

145,624.00  320,  706.  hi 

472,330. 16 

9, 918. 41 

462,411.75 

1, 435, 193. 38 

In  order  to  make  such  showing  we  may  consider  the  statistics  of  the 
city  of  Watertown,  as  given  by  Table  No.  127,  showing  the  amount 
raised  for  State  tax  since  1809,  in  which  year  Watertown  became  a 
city,  to  1898,  inclusive.  In  this  table  column  (1)  shows  the  years  in 
sequence;  column  (2)  the  area  which  has  remained  fixed  during  the 
wdiole  period  at  3,237  acres;  column  (3)  the  assessed  valuation  each 
year;  column  (-1)  the  rate  on  the  dollar  of  the  State  tax;  columns  (5), 
(6),  and  (7)  the  State  taxes  for  each  year;  column  (8)  the  total  State 
tax  on  an  equal  area  of  farming  land  in  the  adjoining  township  of 
Watertown;  column  (9)  the  annual  net  profit  to  the  State  on  account 
of  the  city  of  Watertown,  that  is  to  say,  the  difference  of  columns  (7) 
and  (8);  and  column  (10)  the  present  value  (amount)  of  the  annual 
net  profit,  being  the  total  increase  in  wealth  in  the  State  by  reason  of 
the  values  created  at  Watertown.  The  rate  of  0  per  cent  has  been 
used  in  computing  column  (10).  Referring  to  the  footings  of  Table 
No.  127,  it  appears  that  the  total  State  tax  from  1809  to  1898,  inclu¬ 
sive,  has  been  $472,330.16,  and  that  the  total  State  tax  on  an  equal 
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area  in  the  adjoining  township  of  Watertown  lias  lioen,  for  the  same 
period,  *!<,!>  1  s.41 .  A  comparison  of  these  t  wo  columns  shows  forcibly 
the  economic  vain**  to  the  State  of  municipal  developments.  The 
footing  of  column  ('.'),  which  is  the  difference  of  columns  (7)  and  (8), 
is  $4<>2,411.75.  The  total  present  value  (amount)  is  $1,435,103.38. 
These  figures,  it  will  l>e  remembered,  represent  merely  State  taxat  ion  ; 
they  do  not  represent  the  increment  to  the  county,  the  municipality 
itself,  or  to  the  private  wealth  of  citizens. 

Inasmuch  as  Lock  port  is  a  town  of  about  the  same  size  as  Water- 
town,  it  is  of  interest  to  compare  the  statistics  of  the  two  places. 
Lock  port  was  made  a  city  in  1st;**,  and  the  statist  ies  have  been  brought 
up  to  and  including  the  year  ism;.  The  assessed  valuation  in  18<>5 
was  $2,01*0,130,  while  the  assessed  valuation  of  Watertown  in  18ti0  was 
$3,171,702.  The  assessed  valuation  of  Lockport  in  18f«>  was  $<>,785,100, 
and  of  Watertown  in  ISOS,  $0,350, <512.  The  total  State  taxat  Lock- 
port  from  1  sG5  1<>  1  *'.«>,  inclusive,  was  $51  l,si’.1.50;  the  total  State  tax 
on  an  equivalent  area  of  farming  land  in  the  adjoining  township  of 
Lockport  was  $17, <‘>02.88;  tin*  total  annual  net  profit  to  the  State  on 
account  of  the  city  of  Lockport  for  the  whole  period  from  18<>5  to  ism;, 
inclusive,  was  $494,1(39.114,  and  the  present  value  (amount)  is  found 
to  be  $1,5S4,7<>5. 17. 

According  to  Table  No.  128,  Water  power  in  use  on  Black  Kiver 
in  Ivs.  it  appears  that  the  total  water  power  now  actually  in  use  at 
Watertown,  including  the  Kemington  Paper  Company's  mill,  .just 


below  the  city,  is  as  follows: 

N«>t  hormijMiwcr 

Remington  Paper  Company . . .  3.  t'.KJ 

Taggart’s  dam  . .  .  .  1.231 

Lower  level  of  Beebee *s  Island . . . .  .  1,022 

U  PI>«?r  level  of  Bee  bee's  Island . . .  2, 356 

Lower  dam,  Sewall's  Island  .  2, 630 

Upper  dam,  Se wall's  Island  .  .  2,992 

Davidson  Marble  Company  . . . . .  172 

Watertown  Waterworks  .  1,625 


Total .  14,528 


Without  taking  up  the  several  Black  Kiver  manufacturing  towns 
in  detail,  we  may  still  refer  briefly  to  Carthage,  where  the  net  water 
power  in  use,  as  per  Table  No.  128,  in  1899,  is  as  follows: 

Net  horsepower 


Jefferson  Power  Company . . . . . . . 8,474 

Dam  No.  17  .  .  ...  .  1,734 

Mill  Island  dam  ...  . .  821 

State  dam,  Carthago .  . .  1,089 


Total .  7,117 


These  two  eases  illustrate  the  broad  economic  proposition  involved 
in  material  interference  with  Black  Kiver  water  power. 
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WATER  POWER  ON  RLACK  RIVER  IN  1898. 

Diversion  of  water  from  Black  River  at  Carthage  will  affect  users 
of  water  power  from  that  point  to  the  mouth  of  stream,  including 
manufacturing  establishments  at  Carthage,  Great  Bend,  Felts  Mills, 
Black  River,  Watertown,  Brownville,  and  Dexter,  and  powers  along 
the  stream  at  intervening  points.  Water-power  interests  at  Lyons 
Falls,  on  Black  River,  and  at  Beaver  Falls,  on  Beaver  River,  will  also 
be  injured  by  backwater  due  to  raising  the  level  of  the  water  surface 
in  the  proposed  storage  reservoir. 

Table  No.  128  shows  the  general  facts  as  to  water  power  actually  in 
use  at  tin'  places  indicated  at  the  time  the  canvass  was  made,  during 
the  months  of  September  and  October,  1898.  Referring  to  the  table, 
the  dams  are  numbered  consecutively,  beginning  with  the  lowest  on 
Black  River,  at  Dexter.  The  mills  are  numbered  in  the  order  of  their 
location  on  the  flumes  or  power  canals,  beginning  with  the  one  far¬ 
thest  below  the  dam.  In  cases  where  there  are  power  takings  at  both 
ends  of  a  dam  those  on  the  right  bank  of  the  stream  are  usually 
given  first. 

Below  are  given  the  names  of  the  owners  of  properties  for  cases 
where  the  name  of  the  owner  differs  from  that  of  the  mill  itself  or 
of  the  present  occupant.  The  mills  are  referred  to  by  their  serial 
numbers : 

(2)  St.  Lawrence  Paper  Mill,  Dexter.  Owned  by  I).  B.  Gotham, 
Brownville. 

(12)  Brownville  Paper  Company,  North  Side  Mill,  Brownville. 
Owned  by  the  Siouski  Paper  Company. 

(23)  Excelsior  Roller  Mills,  Watertown.  A.  II.  Herrick  A  Son  Co., 
owners  and  proprietors. 

(29)  Union  Mills,  Watertown.  ,T.  A.  Graves  A  Co.,  owners  and 
proprietors. 

(32)  Kamargo  Mills,  Watertown.  Knowlton  Brothers,  owners  and 
proprietors. 

(35)  Building  and  power  used  by  Johnston,  Joyce  A  Co.  and  by 
S.  B.  Bartlett,  Watertown.  Owned  by  Watertown  Electric  Light 
Company. 

(38)  Watertown  Screen  Plate  Works.  McCarll  A  Stress,  proprie¬ 
tors.  Building  and  power  owned  by  Knowlton  Brothers,  Watertown. 

(61)  Building  and  power  used  by  Dexter  Chair  and  Novelty  Com¬ 
pany  are  owned  by  the  Jefferson  Paper  Company,  Black  River. 

(62)  Building  and  power  used  by  Black  River  Machine  Shop  are 
owned  by  the  Jefferson  Paper  Company,  Black  River. 

(76)  Building  and  power  of  Spicer  A  Skinner’s  cigar-box  factory 
are  owned  by  J.  V.  Guyot,  Carthage. 

(79)  Building  and  power  of  Carthage  Tissue  Paper  Company  box 
factory  are  owned  by  E.  Waters,  Carthage. 
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(80)  Building  and  ]><>\v<>r  of  the  Carthage  Tissue  Paper  Company 
cutting  and  winding  department  aii*  owiumI  by  the  Julia  A.  Rugg 
estate,  Carthage. 

Column  (5)  of  the  table  gives  . . rdinarv  working  head  on  the 

wheels  in  feet.  Power  users  generally  stated  that  the  head  on  their 
wheels  varied  from  1  toff  feet,  aecording  to  the  height  of  the  water 
on  crest  of  dam  and  in  tailraee.  In  all  eases  the  average  working 
head,  as  stall'd  by  the  users,  has  been  given  in  the  tables. 

QUANTITY  OK  WATKK  ISEI*  KOK  IliWER  PURPOSES  IN  fUHlO  KKKT  PEK  SEVOND 

AND  TOT  A I.  POWER  I»EVEI.OI*KI>. 

Columns  (<»)  and  (7)  give  tin*  amount  of  water  used  by  tho  water 

wheels  in  cubic  feet  per  . . md  and  the  net  or  effective  horsepower 

developed  when  running  at  the  head  and  width  of  ojH-ning  of  the 
speed  gates  staled  by  tin*  power  user.  The  power  and  discharge  are 
as  per  rating  given  by  the  manufacturer  of  the  wheel  where  this 

could  . . btained.  In  eases  where  wheels  are  operated  at  part  gate 

they  have  Itceti  rated  at  the  same  proportion  of  power  and  dis¬ 
charge  at  full  gate  that  tin*  stated  average  gate  opening  1  tears  to  the 
full  opening  of  the  speed  gate.  Wheels  that  run  at  varying  widths 
of  gate  opening  are  rated  by  the  above  method  at  the  mean  of  the 
stated  limits  of  gate  o]tening.  Most  such  eases  are  included  in  the 
following: 

Wheels  stated  to  run  at  — 

From  2/3  to  full  gate  are  rated  at  5/6 

From  1/3  to  full  gate  are  rated  at  :t/t  ()f  the  tabled  ]»ower  and  discharge  at  full 
Irom  3/  4  to  full  gate  are  rated  at  i/s  gate  and  under  the  name  working  head. 
From  1/2  to  2/3  gate  are  rated  at  7/12 
From  3/4  to  7/s  gate  are  rated  at  111/10 

This  method  of  rating  wheels  that  run  at  part  gate  probably  gives 
the  power  and  discharge  somewhat  too  small,  inasmuch  as  many 
wheels  are  found  by  test  to  yield  about  three-fourths  of  their  full 
power  and  discharge  when  running  with  the  speed  gates  shut  down 
to  one-half  of  the  full  width  of  opening.  <  hi  the  other  hand,  the 
manufacturer's  ratings  are  for  wheels  properly  set.  and  in  good  condi¬ 
tion  when  running  at  the  speed  of  greatest  efficiency  and  can  not 
apply  with  nicety  to  wheels  as  found  in  practice,  often  old,  worn, 
overloaded,  or  otherwise  out  of  repair. 

There  are  a  total  of  Til  water  wheels  in  use  at  the  mills  included  in 
the  table.  of  these — 

223  run  at  full  gate. 

las  run  otherwise  than  at  full  gate. 

4  run  at  over  three-quarters  gate  but  less  than  full  gate. 

8S  run  at  over  one-naif  gate  but  not  over  three-quarters  gate. 

22  run  at  over  one-quarter  gate  but  not  over  one-half  gate. 

4  run  at  one-qnarter  gate  or  less. 

12  are  closed  altogether. 

2S  run  at  greatly  varying  widths  of  gate  from  fractional  to  full. 
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The  percentage  of  the  theoretical  efficiency  on  which  the  rated  power 
is  based,  as  per  the  manufacturer’s  tables,  is  as  follows  for  some  of 
the  water  wheels  in  most  common  use : 


Kind  of  wheel. 


Name  of  manufacturer. 


Leffel  Double . 

Wait’s  Champion 
“  Bloomingdale  ”  or 
“Carthage.” 

Little  Giant . . 

Victor  Register  Gate _ 

Camden  Vertical . 

Leif  el  Standard  . . 

Crocker _ • . 

Curtis  Regular . 

Risdon- . 

Hunt  Standard . 

No.  1  and  No.  2  Success. . . 

Hercules.. . 

New  American . 

High  Duty . . . 

Victor  Cylinder  Gate _ 

Curtis  Register  Gate _ 

Trump  Model . 


Robert  Poole  &  Sons,  Baltimore,  Md . . 

McCarthy  &  Doremus  Manufacturing  Co.,  Saudy  Hill, 
N.  Y. :  also  made  from  some  patterns  by  Ryther  &  Prin¬ 
gle,  Carthage,  N.  Y. 

William  Dolan  &  Co.,  Logansport,  Ind . . . . 

Stillwell-Bierce  &  Smith- Vaile  Co.,  Dayton,  Ohio . 

Camden  Water  Wheel  Works,  Camden,  N.  Y . 

James  Leffel  &  Co.,  Springfield,  Ohio . . 

E.D.  Jones  &  Sons,  Pittsfield,  Mass . 

Gates  Curtis,  Ogdensburg,  N.  Y . 

T.  H.  Risdon  &  Co.,  Mount  Holly,  N.  J . 

Rodney  Hunt  Machine  Co.,  Orange,  Mass . . 

S.  Morgan  Smith,  York,  Pa . 

Holyoke  Machine  Co.,  Holyoke,  Mass... . . 

Dayton  Globe  Iron  Works,  Dayton,  Ohio . . . 

T.  C.  Alcott  &  Son,  Mount  Holly.  N.  J . . . . . 

Stillwell-Bierce  &  Smith  Vaile  Co., Dayton,  Ohio  . . 

Gates  Curtis,  Ogdensburg,  N.  Y . . . 

Trump  Manufacturing  Co.,  Springfield,  Ohio . 


I  Tabled  ef- 
I  ficiency. 


Per  cent. 
88.5 
88.0 


87.5 
85. 0 
83.0 

88.5 
83.3 
83.0 
82.8 
82.11 
80.0 
80.0 
.so,  II 
811.0 

70.7 

79.8 
78.7 


Auxiliary  steam  power  is  in  use  in  thirteen  establishments,  as  shown 
in  column  (8)  of  Table  Xo.  128.  The  aggregate  steam  power  in  use  is 
1,482  horsepower  and  this  is  entirely  confined  to  paper  mills,  where  it 
is  chiefly  used  to  drive  paper  machines.  There  is  very  little  steam 
power  in  reserve  for  use  in  emergency  or  low  water. 

ASSUMED  VALUATION  OF  THE  PROPERTIES. 

Under  the  heading  of  valuation  of  property,  as  given  in  column  (10) 
of  the  table,  it  is  intended  to  include: 

(1)  The  value  of  the  water  privilege,  or  right  to  use  water  for  pur¬ 
poses  of  power. 

(2)  The  site,  land  or  grounds  belonging  to  the  mill  property. 

(3)  The  buildings,  including  dams,  race  ways,  and  other  structures. 

(4)  Machinery,  including  water  wheels. 

In  many  cases  it  was  necessary  to  explain  to  power  users,  in  detail, 
just  what  was  wanted.  The  valuations  given  do  not  in  general 
include  raw  materials,  stock  on  hand,  capital  not  directly  invested, 
nor  the  “value  of  the  business”  or  “good  will  of  the  firm”  as  com¬ 
monly  understood. 

In  the  following  cases,  where  the  valuations  could  not  be  obtained 
directly,  the  valuations  have  been  estimated  as  given  below: 


Serial 

No. 

Name  of  establishment. 

Estimated 
valuation 
of  prop¬ 
erty. 

1 

Dexter  Sulphite  Pulp  and  Paper  Co.,  Dexter . 

$80, 000 
21.01  H) 
225.000 

»> 

St.  Lawrence  Paper  Mill,  Dexter . 

26 

35 

New  York  Air  Brake  Co.,  Watertown  (main  plant) . _ . 

Building  owned  by  Watertown  Electric  Light  Co. . . 

10,000 

8,000 

38 

Watertown  Screen  Plate  Works . .  . 

39 

New  York  Decorating  and  Veneering  Co.,  Watertown  . 

8,000 
75. 000 

Watertown  Waterworks  Pumping  Station . . _ . . . - 

65 

Jefferson  Paper  Co.,  Black  River . 

100,000 

68 

Jefferson  Power  Co.,  Great  Bend- . . . . 

150,000 

70 

20,000 

20,000 

11,000 

86 

A.  E.  Maxwell  Pulp  Mill,  Carthage. . . . 
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TIh*  following  table  shows  tin*  inventory  valuation  of  tin*  properties 
in  cases  where  this  has  been  given: 


Serial 

No. 

Name  <>f  establishment. 

Real  es 
tate  build- 
ingsand 
water  r> 

rights. 

Raw  ma¬ 
terial  and 
-took  on 
hand. 

Total 

valuation. 

ii» 

Si 

2* 

44 

47 

tf 

Union  Carriage  nml  Goar  Co . 

Excelsior  Kl<>ur  Mills . 

Zimmer  man  A:  Hardiman  . . . 

jtrr.im 

27.000 

$44.(K4 

17.l»«i 

$88,000 

$154,084 

41.000 

10,000 

200,000 

100,000 

18,000 

Watertown  Spring  Wagon  Co .  . 

Excelsior  <  'arriage  Co  . 

Mver  &  Farrar.  Carthago . 

100, dm 
in, mu 
12,111) 

40.1100 
in.  mo 
6,000 

.jo.  mo 

'I'lie  cost,  complete,  of  the  following  planls  was  stated  as  below: 


Serial 

No. 

Name  of  establishment. 

Stated 
cost,  com- 

pine 

14 

International  Paper  Co . 

4<  ■  1,  <  ■  ■  i 

01 

01 

no 

74 

George  A  loanee . 

Dexter  Chair  and  Novelty  Co . 

West  End  Pulp  anil  Casket  Co . 

.  Carthage  Waterworks . 

25.000 

U.iili 
250.  000 
55. till 

ttt 

Cartilage  Sulphite  Co . 

1  86.  om 

1  Im.ixi 

Remarks. 


Purchase  price  and  improvements 
North  Side  Mill. 

Pri<*o  "oiid  to  have  l>een  paid  by  present 
Owner 

Original  cost.  complete. 

Price  paid  l»y  present  owner. 

Cost,  including  mill  now  being  erected. 
Pumping  station  and  distributing  sys- 

(•■iii 

Coat  of  budding*  and  machinery. 

Total  valuation,  including  real  estate. 


The  following  notes  relate  to  the  valuations  of  other  water-power 
properties  that  may  be  referred  i<>  in  the  table  by  their  serial  nil  in  tiers: 

(11)  K.  ('odnmn,  Brownville.  'I'lie  assessor's  valuation  is  given; 
in  this  ease  being  $2,5<X). 

(2*5)  'I'lie  New  York  Air  Brake  Company  state  the  total  valuation 
bf  their  property  at  85,ihh),(XM>.  'This  includes  stock,  patents,  surplus 
capital,  and  value  of  the  business.  The  author  has  estimated  value 
of  plant  and  machinery  at  $225,000,  not  including  new  foundry 
erected  in  lM'S,  costing  $15,imm),  and  which  is  included  in  serial  No. 
do  of  the  table. 


(30)  .1.  15.  Wise,  owner  of  building  and  power  of  the  industrial 
plant,  estimates  value  of  his  property  in  the  plant  at  $120,000. 

The  industrial  plant  includes  Foster  tfc  Begg,  furniture  factory; 
White  *fc  Sullivan,  sash,  doors,  and  blinds;  Hyther  Manufacturing 
Company,  batting  presses;  .1.  B.  Wise,  light  hardware. 

(37)  Watertown  Klectric  Light  Works: 

Value  of  central  station,  including  site,  water  power,  machinery,  and 


1  aiding,  stated  at  . . .  $!>0,  (XX) 

Street  equipment  stated  at . . .  30,000 

Total  valuation  stated  at . . . .  120,000 

(4*i)  Bagiev  it  Sewall  Company: 

Capital . . . . . . . . .  $100, 000 

Capital  surplus . . . . .  185,000 


Total  valuation 


28.1, 000 
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This  is  stated  to  be  practically  all  invested  in  machinery,  buildings, 
and  the  real  estate  of  the  plant. 

(55)  Watertown  Waterworks  pumping  station.  Site  with  water 
power  undeveloped  cost  $2,000,  including  20  acres  of  land.  Baker’s 
Manual  of  American  Waterworks  states  original  cost  of  entire  system, 
including  dams,  pumping  station,  and  distributing  system,  to  have 
been  $383,000.  New  centrifugal  pumps  have  since  been  put  in.  The 
author  has  estimated  value  of  station  alone,  with  developed  water 
power,  at  $75,000,  including  land,  as  stated  in  the  foregoing.1 

1  The  total  power  of  this  pumping  station  is  stated  at  1,625  horsepower.  Prob¬ 
ably  not  more  than  300  to  400  horsepower  is  ordinarily  used. 


Taki.k  Ni».  138. —  Water  jtrnrer  in  u»e  on  Black  and  Beaver  rivers  in  18US  (approximate). 
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a  Lowest  dam  on  the  stream  at  Carthage. 

b  These  mills  are  located  on  an  island  joined  to  the  mainland  by  the  sections  of  Dam  No.  18,  Carthage. 

c  Dam  No.  19  at  Carthage,  N.  Y.,  is  known  as  the  State  dam.  Mills  on  the  river  bank  are  chiefly  located  on  Guyot’s  and  Furnace  islands. 
d  Markham  s  mill  takes  water  from  Black  River  Canal  at  Lyons  Falls, 
e  On  the  Beaver  River  at  Beaver  Falls. 


Table  N<1.  128. — Water  jnnrer  in  use  nn  Rlack  and  Reaver  rivers  in  jsri$  ( approximate ) — Concluded. 
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(89)  Gould  Paper  Company,  Lyons  Falls.  The  company’s  asking 
price  for  this  property  is  $650,000. 

VALUE  OF  THE  ANNUAL  PRODUCT. 

The  value  of  the  annual  product,  as  given  in  column  (12)  of  the 
table,  is  in  general  as  stated  by  the  proprietor  of  eacli  establishment. 
In  the  case  of  pulp  and  paper  mills  where  the  pulp  made  is  consumed 
in  the  manufacture  of  paper  in  the  same  mill,  the  real  value  of  the 
annual  product  represents  only  the  selling  value  of  the  finished  paper. 
In  cases  where  companies  own  separate  pulp  and  paper  mills,  the 
product  of  the  former  being  used  in  the  latter,  the  value  of  the  pulp 
alone  has  been  taken  as  the  value  of  the  annual  product  of  the  pulp 
mills.  This  has  been  done  to  make  the  figures  given  for  such  oases 
comparable  with  those  for  other  mills  where  the  pulp  is  sold  directly 
as  a  finished  product  and  for  paper  mills  that  purchase  their  pulp. 
In  cases  where  the  value  of  the  annual  product  fluctuates  largely  the 
average  has  been  taken.  In  the  following  notes  relative  to  the  value 
of  the  annual  product  in  certain  establishments  the  mill  referred  to 
in  each  case  is  designated  by  its  serial  number,  as  in  the  table.  In 
some  cases  the  value  of  the  annual  product  of  pulp  and  paper  mills 
has  been  estimated  from  the  amount  of  the  daily  product  at  the  aver¬ 
age  price  stated  by  the  manufacturers  and  for  a  working  year  of  three 
hundred  days,  unless  otherwise  stated  by  the  manufacturer. 

(3)  A  large  part  of  the  work  of  Binninger  &  Strange  consists  of  the 
construction  of  buildings,  and  the  actual  value  of  the  annual  product 
resulting  from  the  use  of  water  power  can  not  be  stated. 

(4)  The  total  receipts  for  pulp  by  the  Leonard  &  Gilmore  Company 
in  the  year  1891  were  $13,430.  This  has  been  taken  as  the  total  value 
of  the  annual  product,  inasmuch  as  the  manufacture  of  sash,  doors, 
and  blinds  by  this  firm  is  very  irregular  and  consumes  comparatively 
little  power. 

(11)  Value  of  the  annual  product  of  Codman’s  feed  and  planing  mill 
varies  greatly,  and  was  not  known  by  the  proprietor. 

(18)  Taggart  Brothers’  power  house  furnishes  power  to  Black  lliver 
Traction  Company,  but  the  rental  rate  for  power  was  not  stated.  The 
valuation  of  the  plant  is  included  in  that  of  the  Taggart  Paper  Com¬ 
pany’s  mill,  of  which  it  forms  a  part. 

(20)  The  Watertown  Brass  Manufacturing  Company  has  discon¬ 
tinued  business,  and  the  plant  is  now  idle. 

(28)  The  furniture  factory  of  Zimmerman  &  llardiman  was  closed 
for  repairs  at  the  time  the  canvass  was  made.  It  was  stated  that 
the  plant  would  be  in  operation  after  about  October  1,  1898. 

(40)  The  work  done  by  Charlebois  Brothers  is  largely  on  building 
contracts  taken  by  the  firm,  and  the  separate  annual  value  of  the 
shop  work  could  not  be  given. 
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(41)  Building  and  water  i>ower  owned  by  Nelson  Burdick,  but  not 
now  occupied. 

(.r».r»)  Watertown  waterworks.  Rental  rates  for  water  are: 


Per  year 

For  family  use . . . . . . . . . .  $4 

For  water-closet _ _ _ _ _ _ _ _ _ _ _ _ _  2 

For  hath  .  1 

For  horse  an<l  carriage . . . . . . .  1 

For  lawn  hose.  . . . .  3 


Tin*  total  annual  receipts  from  water  rentals  were  not  stated. 

(.r>7)  Thomas  Childs  Son  take  their  power  from  the  water  wheels 
of  the  II.  C.  I >exter  Chair  Company  by  a  teledynamie  transmission. 
Their  plant  was  idle  at  the  time  the  canvass  was  made. 

(02)  'File  Black  River  Machine  Shop  does  repair  work  only.  The 
amount,  of  the  yearly  earnings  was  not  known. 

(77»),  (70),  and  (7s)  These  mills  run  irregularly  a  part  of  tin*  time; 
value  of  the  annual  product  not  known. 

(77)  American  Klectric  Light  Company  has  a  contract,  dated  1808, 
to  light  the  town  of  Carthage  for  five  years.  The  annual  receipts  for 
municipal  and  commercial  lighting  were  not  stated. 

RELATION  HKTWF.F.N  THE  TOTAL  POWER  IN  USE,  VALUATION  OF  THE  PROPERTY, 
VALUE  OF  THE  ANNUAL  PRODUCT,  AND  NUMBER  OK  HANDS  EMPLOYED. 

Column  (14)  of  'Fable  No.  128  gives  the  ratio  obtained  by  dividing 
the  value  of  the  annual  product,  as  jwr  column  (12),  by  the  estimated 
valuation  of  tin*  property,  as  jier  column  (10).  This  ratio  represents 
the  number  of  times  per  year  that  the  value  of  tin*  total  jiermanent 
investment  is  turned  over  in  actual  business  done. 

Column  (1/i)  gives  the  total  nuinlierof  hands  employed.  In  cases 
where  1  he  number  of  employees  varies,  t  ho  number  of  hands  employed, 
as  given  in  the  table,  represents  the*  average  number  permanently 
employed. 

Table  128  A  shows  the  relative  extent  and  importanee  of  the  differ¬ 
ent  classes  of  manufacture. 


Plate  C. 


WATER-POWER  DEVELOPMENT  AT  LYONS  PALLS  IN  1898. 


Plate  D. 


THE  J.  P  LEWIS  DAM  AT  BEAVER  FALLS.  TO  BE  FLOODED  BY  BLACK  RIVER  RESERVOIR 


Plate 


LOOKING  DOWN  BEAVER  RIVER  FROM  ABOVE  THE  HIGHEST  DAM  AT  BEAVER  FALLS 


Plate  F. 


THE  H  U  NTI  NGTON  VI  L.LE  DAM  ON  BLACK  RIVER  AT  WATERTOWN 


Plate  G. 


L 


DAM  OF  WEST  END  PULP  AND  CASKET  COMPANY  AT  CARTHAGE 


Plate 


THE  NORTH  SIDE  MILL  OF  BROWNVI LLE  PAPER  COMPANY 
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Table  No.  128  A.— Summary  of  the  water  power  in  use  by  classes  of  manufacture. 


Total  number  of  estab¬ 
lishments. 

Class  of  manufac¬ 
ture. 

Total  amount  of  power 
in  use  (net  horse¬ 
power). 

Approximate  total  val¬ 
uation  of  property. 

Average  valuation  of 
property  per  net 
horsepower. 

Approximate  total 

value  of  annual  prod¬ 

uct. 

Average  value  of  the 
annual  product  per 
net  horsepower. 

Average  ratio  of  value 

of  the  annual  prod¬ 

uct  to  valuation  of 
property. 

Total  number  of  hands 

employed. 

Average  net  horse¬ 

power  in  use  p  e  r 
each  hand  employed. 

(1) 

(21 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

36 

Pulp  and  paper _ 

46, 487 

$5,303,500 

$114.00 

$5,242,620 

$112.50 

0. 99 

1 , 431 

32.50 

4 

Carriages  and 

wagons  . 

1.876 

621.000 

331.00 

2,095,000 

1.117. 00 

3. 40 

703 

2. 60 

8 

Machine  shops _ 

377 

344,900 

915. 00 

651, 500 

1, 728. 00 

1.90 

341 

1. 10 

9 

Flour  and  feed 

mills  . . . 

1,054 

195,000 

185. 00 

661,050 

627.00 

3.40 

54 

19. 50 

O 

O 

Electric  light  aud 

power .  . 

1,014 

140,  (KKI 

137. 00 

Ifi 

63. 40 

2 

W  ate r works 

pumping  station. 

1,688 

130,000 

77. 00 

a  3 

562. 70 

8 

Chairs  and  furni- 

ture . 

812 

107,800 

132.  75 

148, 000 

182. 26 

1.40 

145 

5.60 

11 

Sash ,  door  s.  bl  i  n  d  s. 

lumber,  and  ve- 

neer  . 

542 

114.900 

212.00 

62,500 

115.30 

111 

4  88 

12 

Miscellaneous  _ 

1,466 

681,000 

464. 50 

2, 026; 500 

1,382.00 

1,094 

1. 30 

93 

Total . 

55.310 

7, 638, 000 

10,887,170 

3, 900 

a  This  is  at  pumping  station  only. 


Table  shoieing  total  amount  of  water  used  for  power  when  working  at  full  capacity 

at  each  dam  in  cubic  feet  per  second. 


No.  of 
dam. 


Location  of  dam. 


Water  used 
for  power, 
in  cubic 
feet  per 
second. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 
IB 
11 
18 

19 

20 


Dexter . 

Brownville  . . . 

Above  Brownville  . 

Cxlen  Park  above  Brownville _ _ 

Remington  Paper  Co.,  below  Watertown 

Taggart’s  dam  .  . . . . . . 

Upper  level  Beebee's  Island . . 

Lower  dam  Se wall's  Island . . 

Upper  dam  Sewall’s Island. . . . 

Davidson  Marble  Co . . . 

Watertown  waterworks . 

Watertown  Paper  Co... . 

Black  River  . 

Felts  Mills . .  .. , . 

Taggart  Paper  Co.,  Great  Bend  . . 

Jefferson  Power  Co . 

West  Carthage  . . . 

Mill  Island,  Carthage . . 

State  dam,  Carthage  . 

Lyons  Falls . 


a  2, 303 
a  1 , 8ii5 
a  1.244 
a  1,582 
<(1,724 
(( 1 . 227 
a  1 ,  ?!!tj 
b 1, 758 
(( 2,  IBB 
198 
893 
a  753 
a  2, 007 
u  1, 583 
a  917 
((  1 , 090 
a  1,009 
038 
a  1,221 
a  1, 320 


a  The  location  of  pulp  mills  on  all  these  dams  explains  the  large  excess  development  at  most 
of  them. 

6  One  large  flouring  mill  on  this  dam. 


GENERAL  SUMMARY. 


Number  of  establishments . . . . .  93 

Total  horsepower  of  water  wheels  in  use .  54,050 

Total  horsepower  of  engines  in  daily  use . . .  1,482 

Total  horsepower  ordinarily  in  use.  .  . . .  55,532 

Total  valuation  of  property .  . . . . . - .  $7, 638, 100 

Total  value  of  annual  product  .  ..  .  . .  .  . $10,887,170 

Total  number  of  hands  employe  1 _ _  .  .  . . .  L .  000 
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In  regard  1<»  tin*  total  of  54, 844  net  horsepower  actually  in  use  on 
lllaek  River  from  l>e.\ter  to  Lyons  Falls,  ami  including  Beaver  Falls 
on  Beaver  River,  it  may  lie  remarked  that  probably  the  wheel  manu¬ 
facturers'  ratings  give  generally  higher  results  than  are  attained  under 
actual  working  conditions.  On  the  other  hand,  many  of  the  water 
wheels  on  Black  River  have  been  set  in  the  last  few  years  and  repre¬ 
sent  good  recent  water-wheel  practice.  If  we  compute  the  water 
actually  used  on  these  wheels  as  giving  an  average  efficiency  of  75 
percent,  the  total  power  inclmlei  1  in  ’fable  No.  128  amounts  to  49,707 
net  horsepower.  The  total  gross  horsepower  of  the  water  called  for 
at  the  stated  heads,  as  jH*r  Table  No.  12*,  is88,4t&. 

The  foregoing  statistics  as  per  Table  No.  128  do  not  include  the 
large  development  of  the  St.  Regis  Paper ( 'ompany,  a  few  miles  below 
Carthage,  now  in  process  (August  1,  istiti),  and  where  wheels  aggre¬ 
gating  an  additional  Io.immi  horsepower  will  be  in  service  soon  after 
January  1,  1900. 

WATER  POWER  <>K  STREAMS  TRIIU'TARY  T<*  BLACK  RIVER  FEEDER. 

As  shown  on  plate  9.4,  there  are  a  large  number  of  streams  crossing 
the  proposed  Black  River  feeder,  'fable  No.  129,  which  gives  statis¬ 
tics  of  water  power  in  use  on  these  streams,  shows  a  total  numlier  of 
establishments  of  **o.  As  per  column  (12)  of  this  table,  tin*  total  value 
of  tin*  t*0  establishments  is  8481,000,  or  ihc  average  value  per  estab¬ 
lishment  is  8*. 018. 88.  A**  per  column  ( 14),  the  value  of  the  product 

of  these  several  establishments  is  $888,250,  or  the  average  value  per 
establishment  is  *11. so  t.  17.  The  total  numl>er  of  hands  employed  is, 
as  per  column  (17),  74'.*.  With  the  exception  of  the  following,  these 
establishments  an*  mostly  small  and  not  of  material  influence  on  the 
prosperity  of  the  communities  in  which  they  urc  situated.  Tin*  excep¬ 
tions  noted  are — 

(1)  Harden's  chair  factory,  at  McConnellsvillc,  when*  the  value  of 
the  annual  product  is  given  at  840,000  and  40  hands  are  employed. 

( 2)  The  Camden  Knitt  ing  l 'ompany,  at  Camden,  with  a  value  of  t In* 
annual  product  of  $400,000  ami  200  hands  employed. 

(.4)  The  Camden  Water  Wheel  Works,  with  an  annual  product  of 
$115,000  and  20  hands  employed. 

(4)  'flu*  A.  W.  Mott  chair  factory,  at  Camden,  with  an  annual 
value  of  the  product  of  $15,ooo  ami  1*  hands  employed. 

(5)  F.  II.  Conaut's  Sons  chair  factory,  on  Mad  River,  at  Camden, 
witha  value  of  the  annual  product  of  $200, ooo  and  2<>0  hands  employed. 

Tin*  total  annual  value  of  tin*  product  on  Fish  Creek  is  $485,400 and 
on  Mad  River  at  Camden  $201,5o0. 

(8)  On  Beaver  Dam  Brook,  one-half  mile  above  Alt  mar,  we  have 
the  sawmill  of  the  Horton  Lumber  Company,  with  an  annual  product 
of  $l7,5oo  and  10  hands  employed. 


Table  No.  129.  —  Water  power  in  use  an  streams  tributary  to  proposed  Black  River  feeder  in  1898. 
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(7)  <  >n  Little  Sandy  Creek,  at  the  village  of  Sandy  Creek,  the  Sandy 
Crook  Manufacturing  Company,  Limited,  manufacturers  of  wooden 
ware,  turn  out  an  annual  product  of  ♦70,00t)  and  employ  7<»  hands. 

(S)  The  S.  11.  Harlow  planing  mill,  at  Sandy  Creek,  turns  out  an 
annual  product  of  $15,000  and  employs  5  hands. 

(9)  At  Ellisburg  (I.  S.  Hudson  A  Son  turn  out  an  annual  product 
of  $8,000  at  their  furniture  factory  and  employ  hands. 

(10)  At  Adams  K.  (1.  Soever  A  Co.  turn  out  an  annual  product  of 
♦25,ooo  at  their  feed  mill,  employing  4  hands. 

(11)  The  M.  L.  I’ratt  planing  mill,  at  Adams,  has  an  annual  product 
of  Si  7,000  and  employs  *>  hands. 

As  stated  on  a  previous  page,  the  streams  to  the  north  of  Trout 
Brook  were  in  August,  lS'.ts,  all  practically  dry.  If  the  Black  River 
feeder  is  ever  constructed,  the  percolation  loss  therefrom,  amounting, 
as  shown  in  the  chapter  discussing  t  hat  feeder,  furthest  reams  l>et  ween 
Sandy  Creek  and  Kasoag  to  possibly  2H0  cubic  feet  ]>er  second,  will 
necessarily  How  into  these  several  streams,  tending  to  materially 
increase  their  low-water  summer  flow.  Even  after  the  feeder  line  has 
been  in  operation  for  several  years,  the  percolation  loss  will  undoubt¬ 
edly  be  far  in  excess  of  the  summer  flow  of  these  streams  iu  their  nat¬ 
ural  state.  It  is  true,  however,  that  we  have  no  means  of  determining 
just  what  tin*  effect  is  on  each  stream.  Nevertheless,  it  has  seemed 
to  the  author  that  the  net  result  would  Is*,  on  tin*  whole,  in  favor  of 
the  st  reams,  the  more  especially  since  during  the  winter  mont  hs  t  here 
is  no  reason  why  the  natural  flow  of  the  streams  should  not  be  dis- 
disclmrged  into  them,  thus  leaving  them  in  their  present  condition. 
Moreover,  the  preceding  discussion  shows  that  for  a  considerable  por- 
t  ion  of  t  he  navigat  ion  season  of  each  year  the  water  supply,  as  a  whole, 
is  so  far  in  excess  of  act  ual  requirements  that  the  How  of  these  st reams 
can  lie  kept  high  enough  to  meet  existing  conditions.  From  this  point 
of  view,  therefore,  no  allowance  has  been  made  for  damages  to  water 
power  on  any  of  these  streams,  the  author’s  proposition  lieing  that 
exist ing  water  jiowors  will  lie  improved  rather  than  injured.  But  in 
order  to  prove  this  latter  projiositinn,  it  is  deemed  important,  in  case 
const  ruction  should  ever  lie  ordered,  that  gaugings  of  t  hose  st  reams  lie 
immediately  instituted  in  order  to  certainly  show  the  truth  or  falsity 
of  this  view. 

<>n  the  West  Branch  of  Fish  Creek  somewhat  different  conditions 
obtain.  During  certain  months  of  the  navigation  season  additions 
to  the  flow  of  this  stream,  amounting  at  times  to  as  much  as  1,200 
cubic  feet  per  second,  are  likely  to  lie  made.  A  numlier  of  the  dams 
on  West  Branch  of  Fish  Creek  are  poorly  const  r net ed,  and  it  is  doubt¬ 
ful  if  they  would  pass  the  quantity  required  for  feeding  the  canal,  in 
addition  to  the  possible  flood  flows,  without  injury  to  the  dams.  It 
has  therefore  been  deemed  proper  to  make  an  addition  to  the  esti¬ 
mates  large  enough  to  compensate  the  owners  for  the  existing  struc- 
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tures,  leaving  them  free  to  build  new  structures  adequate  to  the 
changed  conditions,  but  without  any  claim  for  damages  on  account  of 
the  increased  flow,  as  given  in  detail  on  a  preceding  page.  As  a  mat¬ 
ter  of  fact,  the  water  power  of  West  Branch  of  Fish  Creek  will  be 
greatly  improved  during  the  navigation  months,  April  to  November, 
inclusive,  but  the  uncertainty  as  to  just  the  quantity  of  water  to  be 
added  to  that  stream  each  month  and  the  fact  that  in  years  of  ample 
rainfall  there  may  be  only  two  months  in  which  any  addition  will  be 
made  other  than  that  from  Salmon  River  reservoir,  renders  it  impos¬ 
sible  to  say  how  much  the  permanent  water  power  of  the  stream  is 
improved.  It  appears  probable,  therefore,  that  the  mill  owners  would 
be  justly  entitled  to  damages  for  whatever  expense  they  are  obliged 
to  incur  on  account  of  strengthening  the  dams. 

Statistics  as  to  value  of  the  properties  per  horsepower,  value  of  the 
annual  product  per  horsepower,  and  horsepower  per  hand  employed 
are  also  given  in  Table  No.  120. 

EFFICIENCY  OF  WATER  WHEELS. 

In  Table  No.  128,  showing  water  power  in  use  on  Black  River  in 
1898,  column  (6)  gives  the  quantity  of  water  used  at  each  mill,  as 
deduced  from  statements  made  as  to  gate  opening,  etc.,  by  the  pro¬ 
prietors.  Inasmuch  as  the  quantities  of  column  (0)  are  based  on  either 
the  ratings  of  manufacturers  of  water  wheels,  as  given  in  their  trade 
catalogues,  or  on  the  data  of  tests  obtained  from  Holyoke  (so  far  as 
the  same  apply),  the  question  may  be  appropriately  asked  whether 
the  totals,  as  per  column  (9)  of  Table  No.  128,  are  not  somewhat  in 
excess  of  the  truth,  and  that,  consequently,  the  proposed  allowance  of 
2,200  cubic  feet  per  second  constant  flow  of  Black  River  is  not  larger 
than  necessary  to  meet  existing  conditions.  The  matter  may  be  looked 
at  in  two  ways.  We  may  say,  on  the  one  hand,  that  the  manufac¬ 
turers  of  water  wheels  show  no  greater  use  of  water  than  necessary  to 
produce  a  tabulated  power,  as  per  wheel  catalogue,  at  the  stated  effi¬ 
ciency,  or,  on  the  other  hand,  that  the  tendency  under  fierce  com¬ 
mercial  competition  has  been,  in  recent  years,  to  reduce  size  of  wheel 
and  consequently  the  weight,  at  the  same  time  tabulating  as  much 
water  and  power  as  the  circumstances  of  each  case  will  admit. 
Probably  these  two  tendencies  have  produced  a  balance  of  conditions 
which,  on  the  whole,  is  very  well  represented  by  the  figures  tabulated 
in  column  (6)  of  Table  No.  128,  and  which,  therefore,  may  be  fairly 
taken  as  not  far  from  the  truth.  At  any  rate,  whichever  view  is  cor¬ 
rect,  there  is  no  ready  way  of  obtaining  the  quantity  of  water  required 
at  each  mill  in  those  cases  where  the  Holyoke  tests  do  not  apply  other 
than  to  take  stated  discharge,  as  per  water-wheel  catalogue.  As  a 
matter  of  judgment  purely,  it  is  deemed  probable  that  if  we  assume 
stated  heads  as  approximately  correct  the  resulting  error  would  not 
exceed  10  per  cent. 
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Column  (7)  of  Table  No.  12s  gives  the  actual  horsepower  of  water 
wheels  at  stated  head  and  gate  opening,  as  computed  from  1  he  I Iolyoke 
data,  so  far  as  this  applies;  otherwise  from  the  manufacturers’  wheel 
catalogues.  The  total  of  column  (7)  is  .54,050  horsepower. 

Column  (7a)  gives  gross  horsepower  of  water  used,  as  per  columns 
(5)  and  (6),  at  the  theoretical  efficiency  of  the  water.  The  total  of  this 
column  is  f»d,.'W8. 

In  column  (7l>)  we  have  the  net  power  of  the  water  used,  as  per  col¬ 
umns  (5)  and  ((*),  with  the  efficiency  assumed  at  75  percent  of  the 
1he<%etieal.  The  total  of  column  (7h)  is  4!*,797. 

'Faking  into  account  that  a  very  large  proportion  of  the  plants  on 
Black  River  are  new,  and  that  many  of  the  water  wheels  are  of  the 
best  design  and  efficiency,  it  is  probable  that  the  total  of  column  (7) 
of  54,(>50  horsepower  is  not  very  far  from  the  actual  power  developed. 
At  any  rate,  it  seems  safe  to  assume  that  the  true  total  will  lie  some¬ 
where  bet  ween  the  footing  of  column  (7)  ami  (7b).  If  we  take  the 
means  of  these  two  columns,  we  have  a  total  of  51,424  net  horsepower. 
For  even  figures  we  may  say  that  the  total  net  horsepower  ui  use  on 
Black  River  in  the  fall  of  IS'.tS  was  52,000. 

ESTIMATED  V  ALl'E  nK  WATER  POWER  PER  HORSEPOWER. 

In  Water  Supply  and  Irrigation  Paper  No.  25,  of  the  United  States 
Geological  Survey — Water  Resources  of  the  State  of  New  York,  l’art 
2,  page  is* i — the  author  has  stated  that  the  value  of  water  per  gross 
horsepower,  when  used  at  first  hand  in  manufacturing,  may  be  taken 
at  alsmt  *1<*»  per  horsepower  per  year.  This  is  a  general  estimate 
for  all  kinds  of  manufacturing  and  for  all  localities  in  the  State.  For 
use  in  paper  making,  which  is  the  chief  industry  of  Black  River,  the 
figure  deduced  from  t  lie  stat  ist  ies  of  4f»  pulp  and  pa]H*r  mills  in  Table 
No.  12H  is  sp.ts.5o  jH*r  horsepower  per  year.  These  figures  do  not 
mean  that  the  mere  possession  of  the  water  represents  values  of  from 
♦  198.50  to  ♦  loo  per  year  per  horsepower,  but  that  the  developed  plants 
with  invested  capital  will  yield  annual  products  per  horsepower  per 
year  averaging  something  like  *lo<)  to  *2oo  for  different  kinds  of  man¬ 
ufacturing  business.  'Faking  all  the  mills  on  Black  River  as  they 
stood  in  the  fall  of  IS'.tS,  with  the  stated  value  of  the  annual  product 
of  ♦10,877,170  and  <>♦», :i!»H  gross  horsepower  in  use,  the  value  per  gross 
horsepower  per  year  becomes,  roundly,  ♦  U»4.  For  other  streams  with 
different  character  of  business  from  that  on  Black  River,  these  figures 
would  be  quite  different. 

BLACK  RIVER  RESERVOIR. 

In  general  terms  this  project  includes  the  construction  of  a  main 
barrage  across  Black  River  at  the  village  of  Cart  huge,  by  which  the 
ordinary  water  surface  of  that  stream  will  be  raised  48.5  feet  and  an 
area  flooded  at  extreme  high  water  of  77.9  square  miles,  or  49,S5t> 
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acres.  In  the  estimates  the  total  quantity  of  land  is  taken  at  50,000 
acres,  of  which  49,200  acres  are  agricultural,  timber,  and  wild  lands, 
800  acres  being  villages  and  the  suburbs  thereof.  The  area  flooded 
at  elevation  of  spillway  crest,  772  feet  above  tide  water,  is  73.2  square 
miles.  The  catchment  area  of  Black  River  at  Carthage  is  1,812.2 
square  miles.  In  addition  to  the  main  barrage  across  the  channel  of 
Black  River,  there  are  seven  dikes  to  be  constructed  in  the  vicinity 
of  Carthage  across  latei-al  valleys.  The  project  also  includes  the 
relocation  of  nearly  20  miles  of  the  New  York  Central  and  Hudson 
River  Railway  (Rome,  Watertown  and  Ogdensburg  Division),  together 
with  the  raising  of  several  miles  of  the  same  without  change  of  the 
present  location ;  the  construction  of  three  highways  across  the  reser¬ 
voir  to  take  the  place  of  existing  highways;  the  reconstruction  of 
highways  along  the  margins;  the  partial  or  complete  removal  of  the 
villages  of  Beaver  Falls,  Bushee’s  Landing,  Carthage,  Castorland, 
Dadville,  Deer  River,  East  Martinsburg,  Glenfleld,  Lowville,  Naum- 
burg,  New  Bremen,  and  Watsons.  At  Carthage  and  Lowville,  the 
two  large  villages  of  the  area  proposed  to  be  flooded,  the  submerged 
areas  are  relatively  unimportant  parts  of  the  towns.  Several  of  the 
other  villages  are  entirely  submerged,  while  others  are  only  partially 
submerged. 

There  are  eight  cemeteries  within  the  limits  of  the  flow  line,  includ¬ 
ing  26.2  acres  area.  Three  of  these  are  small  family  burying  places, 
while  the  others  are  used  by  the  communities  in  the  vicinity.  In 
regard  to  a  wholesale  removal  of  cemeteries,  such  as  is  here  contem¬ 
plated,  it  may  be  pointed  out  that  while  probably  this  is  the  most 
delicate  of  the  several  changes  to  be  made,  still  in  view  of  the  fact 
that  the  removal  of  cemeteries  in  order  to  make  place  for  public 
improvements  is  very  common  in  the  State  of  New  York,  there  is  no 
reason  why  these  cemeteries  should  not  be  moved  in  the  present  case. 
Cemeteries  have  been  moved  in  the  State  of  New  York  for  various 
purposes  at  Rochester,  Albany,  Brooklyn,  New  York  City,  in  the  val¬ 
ley  of  the  Croton  River,  and  at  other  places.  The  author  has  dis¬ 
cussed  this  phase  of  the  reservoir  problem  at  length  in  his  report  on 
Genesee  River  storage  in  the  Annual  Report  of  the  State  Engineer  and 
Surveyor  of  the  State  of  New  York  for  the  fiscal  year  ending  Septem¬ 
ber  30,  1896,  and  is  unable  to  add  anything  to  what  has  been  said  in 
that  report,  to  which  the  reader  is  referred  for  further  detail.  The 
problem  of  changing  a  considerable  extent  of  railway  for  the  con¬ 
struction  of  a  large  reservoir  is  also  discussed  somewhat  at  length  in 
the  same  report. 

There  are  807  dwellings,  14  common  schoolhouses,  and  9  churches 
within  flow  line.  The  work  also  includes  17.2  miles  of  new  common 
roads,  in  addition  to  the  three  highway  crossings  over  reservoir  pre¬ 
viously  mentioned. 

At  present  there  are  live  bridges  over  Black  River  between  Car- 
LI.  Doc.  149 
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thageand  Lyons  Falls,  namely :  Castorland,  1 ;  Lowville,  2;  (ilenfield, 
1;  (ireig,  l.  It  is  considered  that  tin*  three  crossings  as  proposed  will 
fairly  accommodate  the  traffic  of  the  region. 

The  Black  River  Valley  between  Carthage  and  foot  of  Lyons  Falls 
is  a  broad,  nearly  level  valley,  in  some  places  about  5  miles  in  width, 
gradually  narrowing  to  a  width  of  about  one-half  a  mile  in  the 
upper  portion.  According  to  the  black  River  Canal  levels,  the  crest 
of  the  State  dam  at  Carthage  is  at  an  elevation  of  723.53  feet  above 
tide  water,  while  the  water  surface  at  Lyons  Falls,  42.5  miles  distant 
by  the  meander  of  the  river,  is,  according  to  the  same  levels,  735. <!5. 
At  present  the  slack-water  navigation  from  Lyons  Falls  to  Carthage 
is  made  by  two  dams  with  locks,  one  at  <  Mter  Creek  with  a  lift  of  about 
4  feet  and  one  at  Bushee’s  Landing  with  a  lift  of  about  4.5  feet. 
From  Lyons  Falls  the  Black  River  Canal  rises  to  the  Boonville  sum¬ 
mit,  where  the  elevation  of  tin*  summit  level  is  1,126.90  feet  above 
tide  in  a  distance  of  10  miles.  From  Boonville,  Black  River  Canal 
drops  down  to  Erie  Canal  level  at  Rome,  a  distance  of  25  miles.  This 
discussion  of  Black  River  reservoir  is  made  on  the  basis  that,  in  ease 
of  carrying  out  deep  waterways  in  the  final  arrangements  with  the 
State  of  New  York,  the  Black  River  Canal  would  be  abandoned. 

That  portion  of  Black  River  Valley  within  the  flow  line  of  the  pro¬ 
posed  reservoir  presents  considerable  diversity  of  soil.  In  the  lower 
portion  the  soils  to  the  east  of  the  river  are,  in  a  large  degree,  sandy 
and  of  very  little  value  for  agriculture,  while  on  the  west  side  there 
are  considerable  areas  of  valuable  bottom  meadows.  To  the  east  and 
southeast  of  Cartlmge  there  are  also  extensive  areas  almost  entirely 
covered  with  rock,  and  of  very  nominal  value.  The  values  of  these 
different  grades  of  lands,  determined  by  consultat  ion  wit h  the  assessors 
of  the  several  townships  in  which  they  are  situated,  are  shown  in  detail 
in  the  accompanying  estimates.  The  following  notes,  as  obtained 
from  assessors  in  a  few  of  the  townships  affected,  are  cited  as  show¬ 
ing  the  values  of  these  lands: 

In  the  town  of  Denmark  the  assessors  state  that  hill  farms  are 
valued  at  *2<>  per  acre,  flats  at  from  860  to  870.  These  the  assessors 
consider  to  be  nearly  full  values. 

In  the  town  of  Croghan  t he  assessors  value  the  best  farms  in  the 
flats  at  837  per  acre,  and  other  lands  at  from  86  to  825  per  acre.  The 
rock  and  sand  areas  at  from  82  to  85  per  acre. 

In  the  town  of  New  Bremen  the  equalized  assessed  value  per  acre 
for  the  whole  township  i>  8  s.  25.  Tin*  assessors  state  that  this  is  about 
60  per  cent  of  value.  On  this  basis  the  average  value  of  lands  in  that 
township  becomes  813.75  per  acre. 

In  (ireig  Township  the  assessors  state  that  good  river  flats  are 
assessed  at  825  per  acre;  sandy  flats  at  from  86  to  87  per  acre;  the 
best  stony  land  at  812  per  acre;  poor  stony  land  at  87  per  acre,  and 
swamps  at  50  cents  per  acre. 
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In  Martinsburg  Township  the  best  flat  lands  are  assessed  at  from  $30 
to  $35  per  acre;  swamps  at  $1  per  acre.  The  equalized  value  per 
acre  in  this  township,  as  per  supervisors’  equalization  table  for  1808, 
is  $22.65. 

In  Lowville  Township,  river  flats  and  all  lands  between  New  York 
Central  and  Hudson  River  Railway  and  the  river  are  assessed  at  $50 
an  acre.  The  equalized  value  in  this  township  is  $66.50. 

In  the  town  of  Turin  flats  are  assessed  at  $40  per  acre,  and  lands 
on  the  first  bench  above  the  flats  at  $30  per  acre. 

Referring  to  the  supervisors’  equalization  table  in  the  Proceedings 
of  the  Board  of  Supervisors  of  Lewis  County,  it  is  learned  that  the 
total  assessed  area  in  Lewis  County  is  754,488  acres,  on  which  the 
assessors  place  a  total  value  of  $8,834,204.  At  this  rate  the  average 
price  per  acre  for  the  whole  county  becomes  $11.71. 

As  shown  by  the  detailed  estimates,  the  total  value  of  the  50,000 
acres  of  land  to  be  taken  for  Black  River  reservoir  is  estimated  at 
$1,876,000.  By  way  of  proving  that  this  is  an  ample  estimate  we  may 
consider  that  while  50,000  acres  is  only  about  one-fifteenth  of  the 
total  area  of  Lewis  County,  the  estimated  value  of  $1,876,000  is  about 
one-fifth  of  the  total  valuation  of  the  county;  that  is  to  say,  the  esti¬ 
mated  value  of  the  lands  to  be  taken  is  nearly  three  times  the  average 
value  of  the  lands  of  the  whole  county.  The  lands  to  be  taken 
include,  however,  some  of  the  best  in  the  county,  as  well  as  a  large 
proportion  of  the  poorest  lands. 

Probably  as  serious  a  consequence  as  any  to  result  from  the  con¬ 
struction  of  Black  River  reservoir  is  the  considerable  interference 
with  the  water  power  at  Beaver  Falls,  Lyons  Falls,  New  Bremen, 
Lowville,  Fentons  Mills,  and  Deer  River  Village.  At  Beaver  Falls, 
on  Beaver  River,  there  are  now  four  establishments  ordinarily  using 
3,071  horsepower  and  with  a  total  valuation  of  $425,000,  the  total  value 
of  the  annual  product  being  $448,600.  There  are  42  hands  employed. 
The  first  of  these  establishments  is  the  J.  P.  Lewis  Pulp  and  Paper 
Company,  manufacturing  wood  pulp  and  pulp  boards  and  mats;  the 
second  is  the  J.  I’.  Lewis  Company,  manufacturing  wood  pulp;  the 
third  is  Lewis  &  Slocum,  manufacturing  wood-pulp  board,  and  the 
fourth,  Lewis,  Slocum  &  Lefebre,  manufacturing  wood  pulp.  The 
first  three  of  these  establishments  will  be  entirely  eliminated,  the  back¬ 
water  of  Black  River  reservoir  just  about  reaching  the  crest  of  the 
Lewis  &  Slocum  dam.  The  water-power  statistics  of  these  several 
establishments  are  given  in  Table  No.  128. 

At  Lyons  Falls  we  have  the  custom  feed  mill  of  II.  C.  Markham,  who 
was  also  in  the  fall  of  1888  erecting  a  small  electric-light  plant  for 
lighting  the  village  of  Lyons  Falls.  These  establishments  are  situated 
on  Black  River  Canal,  just  above  where  the  said  canal  enters  Black 
River,  and  will  be  entirely  submerged.  The  value,  however,  is  small, 
not  exceeding  $5,000.  The  principal  establishment  at  Lyons  Falls  is 
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llir  newspaper  mill  of  1 1n*  Gould  Paper  Company,  where  the  water 
wheels  ordinarily  work  under  from  ''*7  to  68  feet  head,  yielding  a  power 
of  something  like  7, 7-J 1  horsepower.  The  crest  of  the  power  dam 
above  the  falls  is  at  an  elevation  of  801  above  tide  water,  while  the 
crest  of  the  barrage  at  Carthage  will  be  placed,  as  stated,  at  772  above 
tide  water.  There  will  remain,  then,  when  the  reservoir  is  just  full, 
2b  feet  head  instead  of  about  68,  as  at  present.  During  such  flood 
flows  as  occur,  with  the  water  surface  of  the  reservoir  above  crest  of 
barrage  at  Carthage,  the  head  will  1m*  less,  although,  as  shown  by  col¬ 
umn  10  of 'Fable  No.  161,  1  his  condition  will  only  rarelv  occur.  Usu- 
ally,  with  the  reservoir  drawn  somewhat  down,  the  head  tit  Lyons 
Falls  will  be,  on  tin  average,  from  60  to  6.5  feet.  In  any  case  the  mill 
will  largely  require  reeonst meting  in  order  to  conform  to  the  new 
conditions,  and  from  this  point  of  view  the  damages  have  been  Liter¬ 
ally  estimated.  The  Gould  Company  were  expending  about.  *2<K),<MH) 
on  improvements  to  their  mill  during  the  summer  of  1899. 

At  Deer  River  Village  the  backwater  of  the  reservoir  just  about 
reaches  the  crest  of  the  lower  dam,  practically  eliminating  water  power 
at  t  hat  dam. 

At  Lowville  then*  is  an  old  mill  the  water  power  of  which  will  be 
dest  royed. 

At  New  Mremeii  then*  are  three  small  establishments  entirely  sub¬ 
merged. 

At  Fentons  Mill,  on  the  east  side  of  the  reservoir,  a  small  feed  mill 
will  be  submerged. 

’Flu*  chief  damage  will  occur  at  Reaver  Falls  ami  Lyons  Falls,  the 
mills  at  the  other  places  Inung  relatively  unim|>ortant. 
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Table  No.  130. — Showing  area  flowed,  volume  stored,  and  corresponding  inches  in 
depth  on  catchment  area  for  successive  elevations  of  water  surface  in  the  proposed 
Black  River  reservoir. 


Elevation  of  water  surface. 

Area  of 
water  sur¬ 
face. 

Volume. 

Inches  on 
catchment 
area  of 
1,812.3 
square 
miles. 

(1) 

(3) 

(3) 

(4) 

Sq .  m  lies. 

Cubic  feet. 

in  819 

731... _ _ _ 

13. 105 

630, 188,060 

o.  1473 

733 . . . . 

15  391 

1  2441  376  120 

0  2946 

733 _ _ _ _ _ _ 

17. 677 

1,  86o|  564*  180 

0. 4419 

734 _ _ _ _ _ _ _ _ _ _ _ 

19.963 

3, 480, 753, 340 

0. 5893 

735 . . . . . . . 

33. 349 

3,100,940,300 

0. 7365 

735 . . . . . . . . 

34. 535 

3,731,138,360 

0. 8838 

737 . . . . . . . 

36. 831 

4,341.316.430 

1.0311 

738 _ _ _ _ _ _ _ _ 

39. 107 

4,961,504,480 

1. 1784 

739 

5  581  692  run 

1  3257 

740 _ _ _ _ _ 

33. 676 

6,301.880,600 

1.4729 

741 _ _ _  _ _ _ _ 

35. 634 

7, 413,383,330 

1.7604 

743 . . . . 

:J7  572 

8, 633, 684, 040 

3. 0479 

743.... _ _ _ _ _ _ _ _ _ _ 

39. 530 

9, 833, 085, 760 

2. 3354 

744 _ _ _  _ 

41.468 

11,043,487,480 

3.0339 

745 

43  416 

12  253  889  200 

2  9104 

74(5 _ _ _ _ _ _ _ _ 

45. 364 

13,’  464,390,930 

3. 1979 

747 . . . . . . . . . 

47. 313 

14,674,693,640 

3. 4855 

748  ... _ _ _ _ _ 

49. 360 

15,885,094,360 

3.  7730 

749 _ _ _ _ _ _ _ 

51.308 

17, 095, 496, 080 

4.0603 

750 _ _ _ _ _ _ _ 

53. 157 

18,305, 897,800 

4. 3481 

751 _ _ _ _ _ _ _ _ 

54.066 

19,914,633, 940 

4.7:103 

752. . . . . . . . . . . . 

54. 975 

31,533,370,080 

5. 1133 

753 

35. 884 

23, 132,106,320 

5. 4944 

56. 793 

24,740,843,360 

5. 8765 

755 . . . . . . . . . . . . . 

57.  703 

26,349.578,500 

6. 2586 

756 . . . . . . . . . . 

58.611 

27,958.314,640 

6.6407 

757 - - - - - - 

59. 530 

29, 567, 050, 780 

7. 0228 

758.. . . . . .  . 

60. 439 

31,175,  786,930 

7. 4049 

61.339 

32  784  523  060 

7  7871 

760.... . . . . . . . 

63. 350 

34,393, 259,300 

8. 1692 

761 .  .  ..  .  . .  . 

63. 184 

36,258,913,230 

8.6123 

763 . . . . . . . 

64.118 

3S, 124, 565, 240 

9. 0554 

763 _ _ _ _ _ _ 

65. 053 

39, 990, 318; 360 

9. 4985 

65. 986 

41.855, 871,280 

9. 9416 

765. . . . . . . . . .. ..  _ 

66. 930 

43,721,524,300 

10.3847 

766 . . . 

67. 854 

45,587, 177,330 

10.8279 

767 . . . . . . 

,  68.  788 

47, 452, 830! 340 

11.3710 

768 . . . . . . 

69. 733 

49,318,483,360 

11.7141 

769 

51  184, 136  380 

13.1572 

770 . . . . . 

71.590 

53,049,789,400 

12. 6005 

771  . 

73. 374 

55, 154, 913, 520 

13. 1005 

773 . . . . . 

73. 158 

57,260,087,640 

13.6005 

773 

73. 943 

774  .  . . . . . 

74. 736 

61 . 470, 285, 880 

75. 510 

63,575,410.000 

776 . 

76.394 

65, 680, 534. 130 

77.078 

67,785,658,240 

78 . . . 

77.863 

69, 890,782,360 

I 
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Table  No.  131. — Showinfl  tint*  of  proponed  Black  Hirer  reservoir  from  mouth  to  month,  ts'>:  to  isns,  inclusive.  with  draft  therefrom  as  per 
column  (]o)  of  Table  JVo.  ld\,  and  with  J,:00  cubic  feet  ]»  r  second  {/oimj  to  Black  Hirer — Continued. 
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Table  No.  130  shows  the  area  to  be  hooded,  volume  stored,  and  cor¬ 
responding  inches  in  depth  on  catchment  area  for  successive  eleva¬ 
tions  in  the  proposed  Black  River  reservoir.  In  this  table  the  elevation 
of  water  surface  of  730  has  been  assumed  as  the  base  of  the  sections, 
the  volume  below  that  level  being  so  small  as  to  be  negligible  in  the 
calculation  of  quantities.  In  Table  No.  130  the  area  flooded  in 
square  miles,  the  volume  stored,  and  the  corresponding  inches  in 
depth  on  the  tributary  catchment  area  of  1 ,81 2. 2  square  miles  are  given 
for  successive  elevations  of  1-foot  levels  from  elevations  730  to  778. 

Table  No.  131  gives  for  Black  River  reservoir  the  storage  and  outgo 
from  month  to  month,  1892  to  1898,  inclusive. 

SALMON  RIVER  RESERVOIR. 

The  object  of  this  reservoir  is  to  provide  storage  within  reasonable 
distance  of  the  main  deep  waterway  so  that  in  case  of  temporary  stop¬ 
page  of  the  main  feeder  to  the  north  water  could  still  be  supplied  to 
the  canal.  The  ordinary  elevation  of  water  surface  of  Salmon  River, 
a  short  distance  above  the  proposed  Dam  No.  73,  is  approximately 
897,  the  flats  at  the  side  being  a  little  above  900.  The  water-surface 
elevation,  as  proposed  for  the  reservoir,  is  953.  The  total  rise  of  water 
surface  at  or  near  the  dam  is,  therefore,  roundly,  50  feet.  In  addi¬ 
tion  to  the  main  barrage  there  are  three  dikes,  the  first  of  them,  Dam 
No.  74,  cutting  off  a  narrow,  lateral  valley  near  the  lower  end  of  the 
reservoir,  while  Dams  Nos.  75  and  70,  to  the  south  of  the  village  of 
Redfield,  are  in  abroad,  nearly  level,  somewhat  swampy  plain,  where 
a  comparatively  small  rise  would  throw  Salmon  River  water  over  into 
the  catchment  area  of  Mad  River,  a  tributary  to  West  Branch  of  Fish 
Creek. 

The  small  hamlet  of  Redfield  is  the  only  village  within  the  area  to 
be  flooded.  The  lands  to  be  taken  include  a  considerable  proportion 
of  swamp  and  timber  area,  from  which  the  valuable  timber  has  been 
mostly  cut.  The  balance  of  the  area  is  not  valuable,  and  this  reser¬ 
voir,  as  a  whole,  is  considered  to  present  favorable  conditions  for 
taking  such  an  area.  The  details  are  sufficiently  shown  by  the 
accompanying  estimates.  There  is  one  cemetery  to  be  removed  at 
Redfield. 

The  volume  and  area,  as  determined  by  the  surveys  therefor,  are 
as  follows: 


Elevation. 

Area. 

Volume. 

910  . 

iS'<7.  m  iles. 
1.619 

Cubic  feet. 

0.0 

900 . 

4.481 

1, 700, 583, 400. 0 
5, 000, 688, 000. 0 

950  . . .  ... 

7.356 

900 . . . 

8.458 

7,305,477,400.0 

Elevation  910  was  taken  as  the  base  of  the  sections,  the  volume 
below  that  level  being  neglected  except  that,  in  order  to  obtain  a 
rounded  quantity  of  7,500,000,000  cubic  feet  for  the  volume  at  eleva- 
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tion  9t><),  we  may  make  the  volume  lielow  910  as  294,523,000  cubic 
fort,  a  quantity  well  within  tin*  volume  shown  by  the  surveys  ami 
maps.  <  >n  this  basis  we  have  the  following  amended  tabulation: 


Elevation. 

Area. 

Volume. 

lmo  . . . 

Sq.  m  ilr  X 

0.  4m'i 

Cubic  feet. 

0.0 

IU0  . 

1.610 

804, 523, 000. 0 

toil  .  . 

4  4X1 

1.905.  lul, mil  ft 
:.'ll. H «|  ft 

mo  . 

7  :tV, 

ih  in  . 

8.*:* 

7, 50ft,  <1(10.1  Ml.  0 

In  fable  No.  132  the  area  flooded,  volume  stored,  and  tin*  corre¬ 
sponding  inches  in  depth  on  the  tributary  catchment  area  of  190.5 
square  miles  are  given  for  successive  elevations  of  1-foot  intervals 
from  elevation  900  to  900. 

I  n  t  he  Annual  Report  of  t  he  State  Engineer  and  Surveyor  of  t  he  State 
of  New  York  for  the  fiscal  year  ending  September  30,  is;i5,  the  author 
has  shown,  in  his  report  on  the  Upper  Hudson  storage  surveys,  that 
reservoirs  for  storing  water  in  the  Adirondack  region  may  be  devel¬ 
oped  up  to  a  storage  of  13.5  inches  on  the  tributary  catchment  area  for 
a  run-off  like  that  of  Hudson  River.  Inasmuch  as  the  meteorological 
conditions  on  Black  and  Salmon  rivers  are  the  same  as  on  Hudson, 
there  is  no  reason  why  the  argument  made  at  length  in  the  Hudson 
storage  report  may  not  apply  here.  Taking,  then,  the  Hudson  storage 
report  as  a  part  of  this  discussion,  so  far  as  necessary  to  cover  the 
argument  for  reservoirs  developing  a  storage  of  13.5  inches  on  a  catch¬ 
ment  area  subject  to  a  run-olf  like  that  of  the  northern  plateau  of  the 
State  of  New  York,  we  may  state  the  general  problem  in  this  way: 
Having  given  a  reservoir  of  the  area  and  volume  shown  in  Table  No. 
132,  and  with  a  tributary  catchment  area  of  190.5  square  miles,  it  is 
required  to  find  how  much  water  can  be  reasonably  ex peeted  to  be  col¬ 
lected  from  the  watershed,  stored  in  the  reservoir,  and  drawn  from  it 
for  canal  use  during  a  dry  year,  or  during  a  series  of  such  years.  Inas¬ 
much  as  the  computation  is  the  same  for  both  cases,  we  will  make  it 
for  tin*  Salmon  River  reservoir  only,  except  so  far  as  it  may  be  neces¬ 
sary  to  repeat,  the  computation  in  discussing  water  supply  to  the  main 
feeder  line  further  on. 

The  water  collected  and  stored  in  Salmon  River  reservoir  during 
the  entire  year  may  be  drawn  from  it  in  three  ways,  as  follows: 

(1)  By  evaporation  from  the  surface  of  the  reservoir. 

(2)  By  supplying  a  certain  fixed  quantity  to  Salmon  River  below 
the  dam  during  the  entire  year. 

(3)  By  feeding  the  canal  during  the  months  of  May,  June,  .Inly, 
August,  September,  October,  and  November. 

On  the  supposition  that  the  reservoir  will  be  nearly  or  quite  empty 
at  the  end  of  the  navigation  season,  or,  in  other  words,  that  the 
largest  possible  amount  will  be  fed  to  the  canal,  the  general  state¬ 
ment,  may  bo  written  in  the  following  form: 


DEEP  WATERWAYS. 


875 


(1)  Outgo  =  (evaporation  -f  quantity  to  stream -f  quantity  to  canal); 
and,  by  transposition  of  terms, 

(2)  Quantity  to  canal  outgo —  (evaporation + quantity  to  stream). 

In  the  above  equation,  if  we  can  determine  values  for  the  terms  of 

the  second  member,  we  can  substitute  them  and  solve  for  the  first, 
which  is  the  object  of  the  investigation. 

In  previous  pages  we  have  discussed  the  run-off  data  of  Hudson 
River,  as  determined  by  gaugings  at  Mechanicville.  The  catchment 
areas  of  Salmon  River  and  upper  Hudson  being  of  the  same  general 
character  as  regards  proportion  of  forests  and  annual  rainfall,  it  is 
reasonable  to  estimate  that  the  run-offs  from  the  two  streams  will  be 
substantially  equal;  hence  the  Hudson  River  data  are,  in  the  absence 
of  extended  gaugings  of  Salmon  River,  taken  as  practically  applica¬ 
ble.  These  data  have  already  been  given  in  Tables  Nos.  5,  (3,  and  7. 
Evaporation  data,  as  given  in  Table  No.  12,  are  considered  as  apply¬ 
ing  to  Salmon  River  catchment  area.  In  the  following  tabulation  we 
have  the  evaporation  for  the  months  of  a  water  year  from  December 
to  November,  inclusive,  as  computed  in  inches  on  the  Salmon  River 
catchment  area  for  the  actual  reservoir  area: 


December . . . .  0. 043 

January . . _ . .  0.020 

February . . . 0.021 

March  . . .  0. 053 

April . . 0.  104 

May  . . . . 0. 182 


June . . 0.221 

July . 0.192 

August . 0.212 

September . . 0.1G0 

October . 0.115 

November . 0.057 


In  designing  a  storage  reservoir,  it  is  the  author’s  opinion  that  the 
stream  is  entitled  to  some  water  at  all  seasons  of  the  year  and  compu¬ 
tations  of  effective  storage  must  be  made  with  reference  to  allowing  a 
definite  quantity  of  water  to  go  constantly  to  the  stream.  It  is  true 
that  in  some  discussions  of  the  deep  waterways’  water-supply  ques¬ 
tion,  it  lias  been  proposed  to  take  absolutely  all  the  water  of  the  trib¬ 
utary  catchment  area,  but  this  the  author  looks  upon  as  a  barbarism 
which  the  people  of  the  State  of  New  York  ought  not  to  permit.  From 
this  point  of  view  it  is  necessary  to  decide  on  some  mean  flow  below 
which  the  stream  shall  never  be  allowed  to  fall.  This  is  done  in  the 
interests  of  water-power  plants  already  located  on  the  stream,  fisher¬ 
ies,  etc.  In  the  Hudson  River  report,  in  the  annual  report  of  the 
State  engineer  and  surveyor  for  1895,  the  quantity  fixed  upon  for 
storage  in  the  upper  Hudson  catchment  area  is  0.5  inch  per  month. 
In  cubic  feet  this  amounts  to  0.45  cubic  foot  per  second  per  square 
mile  for  a  month  of  thirty  days.  There  is  no  reason  why  this  quantity 
may  not  be  used  in  the  case  of  Salmon  River  reservoir.  On  Black 
River,  where  it  is  proposed  to  provide  a  flow  of  2,200  feet  per  second 
to  maintain  water  power,  the  conditions  are  different  and  the  question 
of  minimum  allowance  does  not  come  into  the  discussion.  With  0.45 
cubic  foot  per  second  per  square  mile  always  flowing  away  from  the 
regulated  catchment  area,  we  would  have  in  the  stream  just  below 
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Salmon  River  I  >am,  No.  47,  about  87  to  8S  cubic  feet  per  .second,  which 
was  approximately  the  observed  low-water  How  in  the  .summer  of  1898. 

Having  in  the  preceding  discussion  fixed  our  data,  namely,  run¬ 
off,  evaporation,  and  allowance  to  stream,  we  may  now  combine  these 
so  as  to  obtain  the  first  member  of  the  foregoing  equation  (2),  namely, 
quantity  available  for  canal  purposes,  the  computation  taking  the 
form  of  an  approximation  by  trial.  In  making  such  a  computation, 
the  author  has  usually  found  the  second  trial  to  be  sufficient. 

Referring  to  Table  No.  l.'ld,  showing  state  of  proposed  Salmon  River 
reservoir  from  month  to  month  for  the  years  1892  to  1898,  inclusive, 
we  have,  in  column  (2),  tin*  run-off  of  the  stream,  which  equals  inflow 
to  reservoir.  Tin*  outgoes,  as  show  n  by  columns  (.'{),  (4),  (5),  and  (•>), 
are  evaporat ion,  amount  to  stream  for  maintenance  of  water  power 
and  fisheries,  and  amount  to  canal  taken  for  the  months  from  May  to 
November,  inclusive,  at  .'too  cubic  feet  per  second.  The  total  outgo, 
as  per  column  (<!),  is  the  same  as  columns  (.'{),  (4),  and  (5).  In  column 
(7)  we  have  the  difference  between  inflow,  as  per  column  (1),  and 
total  outgo,  as  per  column  (•>),  taken  as  an  excess,  this  meaning  that 
for  any  given  month  tin*  quantity,  as  per  column  (7),  was  in  excess 
of  requirements  for  that  month  and  went  to  increase  the  storage.  In 
column  (s>  we  have  the  deficiency — that  is  to  say,  in  any  month  in 
w  hich  the  total  outgo,  as  per  column  (0),  is  greater  than  the  total 
inflow,  as  per  column  (2),  the  storage  would  be  draw  n  upon  as  per 
quantity  in  column  (K).  In  column  we  have  the  inches  in  depth 
of  water  over  the  entire  catchment  area  in  the  reservoir  at  the  end  of 
each  mouth,  while  column  ( lo)  shows  the  amount  wasted  from  the 
reservoir  in  any  given  month. 

'fable  No.  i:5.'5  has  been  computed  on  the  supposition  that  the  reser¬ 
voir  was  empty  on  the  1st  of  Doccmlier,  1891.  Taking  the  actual 
run-off  figures  of  Hudson  River,  as  per  column  (2),  the  computation 
is  carried  along  in  Table  No.  i:5.‘{  for  the  water  years  1892  to  1898, 
inclusive.  The  year  of  minimum  run-off  was  1895,  when  the  total 
was  17.49  inches.  At  the  end  of  November  of  that  year  there  would 
have  been  left  5.19  inches  in  the  reservoir.  'This  was  the  lowest  year 
of  any  in  the  period  considered  from  1892  to  189S,  inclusive. 

The  following  tabulation  shows  the  state  of  the  reservoir  at  the 
beginning  and  ending  of  each  na\  igat ion  season  for  t  he  period  covered 
by  the  table  from  heeember  1,  ls'.ii,  to  November  lit >,  1898,  inclusive: 


I>atu. 

Inches 
in  reser 
\  oir 

1  >ate 

Inches 
in  reser¬ 
voir. 

1  lerember  1, 1801 . 

May  1,  1802 . 

Decerabi-r  1,  He! . . 

May  1.  1*IW  . 

Deccmlier  1,  1893 .  . 

May  1.  1  s*.»4 . 

1  Vcember  1,  ]8W  .  .... 

May  1.  1805 . . 

Empty.  1 
<i  13  .Vi 

11  u7 
a  13.  Vl 
:>.  m* 
a  18. 50 
il.«l 
<i  13  50 

l)<«coint>er  1, 1805 . 

May  1.  1808  . 

December  1.  1H!»1 . 

May  1.  1807 . 

Decemlier  1.  1807 . 

May  1.  lSi*s  . 

December  1, 1808 . 

5. 10 
a  13.  50 
8.  12 
(i  13.50 
11.04 
ii  13. 60 
10.88 

II  Full. 
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The  amounts  wasted  from  Salmon  River  reservoir  in  the  several 
water  years  from  1802  to  1898,  inclusive,  are  as  follows:  In  1892, 
9.93  inches;  in  1893,  9.36  inches;  in  1894,  2.93  inches;  in  1895,  0.30 
inch;  in  1896,  4. 30 inches;  in  1897,  11.51  inches;  in  1898, 13.64  inches. 


Table  No.  132. — Showing  area  flowed ,  volume  stored,  and  corresponding  inches 
in  depth  on  catchmen  t  area  for  successive  elevations  of  the  water  surface  in  pro¬ 
posed  Salmon  River  reservoir. 


Elevation  of  water  surface. 


(1) 


900 

901 

902 

903 

904 

905 
900 

907 

908 

909 

910 

911 

912 

913 

914 

915 
910 

917 

918 

919 

920 

921 
<)■>•> 

923 

924 

925 
920 

927 

928 

929 

930 

931 

932 

933 

934 

935 
930 

937 

938 

939 

940 

941 

942 

943 

944 

945 
940 

947 

948 

949 

950 

951 

952 

953 

954 

955 
950 

957 

958 

959 
900 


Area  of 
water 
surface. 

Volume. 

Inches  on 
catch¬ 
ment  area 
of square 
miles. 

(2.) 

(3) 

(4) 

Sq .  in  ties. 
0.  480 

Cubic  feet. 

00, 000, 000 

0. 0000 

0. 600 

29, 452, 300 

0. 0665 

0.713 

58,904,600 

0. 1330 

0. 825 

88,356,900 

0. 1990 

0. 938 

117,809,200 

0. 2661 

1.053 

147,261,500 

0.  :1327 

1 . 105 

170,  713. 800 

0. 3992 

1.279 

200, 166, 100 

0. 4657 

1 . 395 

235, 018, 400 

0.5322 

1. 510 

205,070.700 

0.5987 

1.019 

294,523,000 

( 1. 6055 

1.  758 

379, 552, 100 

0.8570 

1.900 

464,581,200 

1.0497 

2. 044 

549, 010, 300 

1.2418 

2.185 

034, 639, 400 

1.4339 

2. 320 

719, 008, 500 

1. 0261 

2. 470 

804,097,600 

1.8182 

2. 015 

889, 726, 700 

2.0103 

2. 750 

974, 755, 800 

2. 2024 

2. 903 

1, 059, 784, 000 

2. 3940 

3. 050 

1,144,814,000 

2. 5867 

3. 192 

1,229, 843, 100 

2. 7788 

3.333 

1,314,872,200 

2.9109 

3.  475 

1,399,901,300 

3.1630 

3.018 

1,484. 930,400 

3. 3551 

3.  760 

1,569,959,500 

3. 5473 

3. 902 

1 , 054, 988, 000 

3. 7394 

4. 045 

1,740,017,700 

3.9315 

4.188 

1 , 825, 040, 800 

4. 1237 

4.331 

1,910,075,900 

4.3159 

4.481 

1.995, 105,000 

4. 5080 

4. 623 

2,100,110, 300 

4. 8808 

4. 770 

2,325,  115,000 

5. 2530 

4. 913 

2,490. 120, 900 

5. 0204 

5.000 

2, 655, 120, 200 

5. 9993 

5. 202 

2,820,131,500 

0.3722 

5. 345 

2, 985, 130. 800 

6.  74.50 

5. 490 

3, 150, 142, 100 

7.1178 

5. 024 

3,315, 147,400 

7. 4906 

5.780 

3,480,152, 700 

7.8634 

5.920 

3, 045,158,000 

8.2363 

0. 060 

3, 810, 163, 300 

8. 0091 

6.210 

3,975,168,600 

8. 9819 

6.350 

4, 140, 173. 900 

9.3548 

6. 498 

4,305,179,200 

9. 7270 

0. 638 

4, 470, 184,500 

10. 1005 

6.780 

4,035, 189,800 

10. 4731 

6. 925 

4,800, 195, 100 

10.8462 

7. 068 

4. 905.200,400 

11.2190 

7. 210 

5, 130, 205,  700 

11.5918 

7.356 

5.295,211,000 

11.9046 

7. 409 

5,515,689,900 

12. 4028 

7. 575 

5,730, 108,800 

12.9610 

7. 685 

5, 950, 047, 700 

13.4591 

7. 800 

6,177,126,000 

13. 9573 

7. 907 

6,397,005,500 

14. 45.55 

8.020 

6,018,084,400 

14. 9537 

8. 130 

6,838,563,300 

15. 4519 

8.237 

7, 059, 042, 200 

15. 9501 

8.349 

7,279, 521, 100 

10. 4483 

8.458 

7,500,000, 000 

16.9464 
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TaHLK  No.  133. — Shotriny  state  of  jiroj>ositl  Salmon  River  reservoir  from  month 
to  month,  to  is:»s,  inclusive,  irith  draft  therefrom  as  required  by  Table  A o. 
l.tit.frum  May  to  November,  inclusive, 

[In  Inches  on  tributary  catchment  area  of  190.5  square  miles.] 


Outtfo  from  reservoir. 


Mouth. 


To 
canal 
as  re¬ 
quired. 

ilnmn 
(8).  ta 


Total 

olltKO. 


Ex¬ 

cess. 


Defi¬ 

ciency 


In  res¬ 
ervoir 
at  end 
of 

month. 


month.  ,;le'm 


Wasted 

!  I*1  '111 

reser¬ 

voir. 


(1) 

(2) 

(8) 

' 

<5) 

(61 

(7) 

(9) 

(9) 

(10) 

1892. 

Ibs-omlwr  . 

2.27 

0.(4 

ll.  .’ill 

ii  |4 

Lit 

1.73 

Jmiuiirv  . . . 

4.  M3 

0  (tf 

0.50 

0. 52 

4.31 

0  14 

February . 

•  I  >M 

0  02 

0.50 

0.52 

1  7n 

7.74 

March  . 

2  Si 

0.  Ui 

0  50 

0.66 

2  25 

•i  Ml 

5  a’* 

0  lo 

0.50 

0.  till 

t  ; 

13  SO 

1.24 

Mhv 

5.  m 

n  is 

n  no 

0.08 

4.35 

18  60 

4.36 

Juno . 

a  ir 

0.22 

0.50 

ll  72 

2.  :*i 

13  VI 

2  :« 

July  . 

2.  as 

0  Is 

o  mi 

.  . 

0  08 

l.7o 

13  50 

1.70 

Au^uitt .  ..... 

1  41 

0  111 

0  .’ill 

n  ll 

1.  13 

0.28 

13  VI 

0.28 

1.  10 

0  15 

O.fiD 

1  70 

2.  41 

1.31 

12  19 

0.  72 

ii  in 

0  50 

1  81 

•  2.41 

1  Hi 

10.50 

Novfiulier 

1  Ml 

0.04 

0  50 

U.  7m 

1.32 

0. 57 

11.07 

Total . 

0  ir 

1.29 

h.iii 

4.7V 

12.  IK 

24.HI 

3.  (11 

9  m 

I. sin. 

Deceinlier . 

1  Hi 

0  04 

0.  vi 

0. 54 

0  49 

1 1  50 

.1  Rtiuur v  . . 

0.  h2 

II.  (t* 

o  5o 

0. 52 

(I  30 

11  80 

tVbruury . . 

!  <’• 

II  1C.’ 

0.50 

0.62 

0.57 

12. 43 

March . 

2  11 

0.  nr. 

0  50 

0  .Vi 

1.66 

18  BO 

0  49 

April . 

1  II 

0  in 

n  50 

0  on 

3.  84 

IS.  50 

3.84 

May  . 

:>  ;i 

0.  18 

n  SO 

0. 08 

5.00 

13.  Vi 

5  08 

Juno  . 

l  |t 

n  22 

0.50 

1  70 

2.  48 

1  29 

12.21 

July  . 

ii  tt 

0  IS 

0. 50 

1  -1 

S  It 

1.84 

111.  37 

August 

1.28 

0  19 

0  50 

1  sl 

2. 50 

1  22 

9  15 

1  70 

0  15 

0  50 

1  70 

2.  41 

n  71 

8.44 

(i  IIU 

0  in 

0  50 

1  "1 

2  41 

1  12 

7.(t* 

November . 

0  Ml 

0.04 

o  50 

1.76 

2  30 

1  40 

5. 02 

ToUl . 

21  HI 

1  0 

Hill 

10. 71 

18.  (II 

11.79 

7.88 

9. 86 

1814. 

1  85 

ii  04 

0.50 

0  B4 

1.31 

0.93 

Jnuuarv 

l  7:i 

ii  QB 

0.50 

0  52 

1.21 

8.  14 

February  . 

1  IS 

0  112 

0.50 

II  52 

ii  60 

s.  74 

March  .  . 

a.  tm 

0.05 

0.511 

0  55 

8  0 

11.97 

April . 

2. 70 

0  III 

0  .'ill 

o.im 

2  16 

13.60 

mn 

May . 

1 .1*4 

II  1" 

II  .VI 

0  OH 

1.20 

13  VI 

1.26 

June .  . 

1.78 

0  •*■* 

n  50 

o  72 

1.04 

13  50 

1.14 

July . 

II  >1 

0  is 

0.50 

1  Hi 

2.  49 

1 . 08 

11  s2 

August 

o.  tvi 

0.  Ill 

ii  60 

1  -1 

2.50 

1.87 

9. 95 

ii  »; 

0  15 

0.50 

1  7o 

2  11 

1.14 

8.01 

( October  . 

him 

0  III 

0. 50 

1  -1 

2  41 

1  47 

0. 54 

November . . . 

1.58 

0.  04 

0.50 

0.  97 

1.51 

0.07 

0  01 

Total . 

19  a7  1.29 

6.00 

8. 16 

15. 46 

10.88 

0. 90 

2.  in 

im. 

DoiMunln^r  . 

1  12 

0.04 

0.  VI 

ii  14 

0.68 

7. 19 

.1  an  liar  v  . 

0.99 

a  at 

ii  B0 

0.62 

0  47 

7.00 

February  . 

0.82 

o.  m 

0  VI 

0.62 

o  :m 

7.90 

March  . 

1  IIS 

0.05 

0.50 

ii  ii 

0.53 

8  49 

April . 

6  !'l 

n  in 

0.50 

0.00 

5. 31 

18  60 

0.30 

May . 

l  78 

0  i' 

ii  so 

1  Hi 

2  49 

0.  73 

18. 77 

Juno . . . 

0.  70 

o  s 

ii  BO 

1  76 

2. 4* 

1.78 

10. 99 

July  . 

u.  no 

0.  Is 

ii  so 

i  a 

2.  49 

1.83 

9  10 

AuffUht  . 

l  mi 

ii  19 

1 1  V  l 

1.81 

8.60 

1.  VI 

7.00 

Septemls-r . . . 

o  85 

Ii  15 

ii  BO 

i  ;>. 

2.  ll 

1.70 

5.90 

Octolier  . . 

0  09 

a  in 

n  BO 

1  M 

2  41 

1.72 

4. 18 

November . . . 

2  IK 

0.04 

ii  so 

0.53 

1.07 

1.01 

5.  19 

Total . 

17.40 

1.29 

a.  no 

11.29 

18.  .58 

8.20 

9.38 

. 

0.30 

1800. 

Deccml'er . 

|  7'.' 

0.04 

ii  BO 

ii  ;.i 

•>  •>'» 

7.44 

lanuarv  .  . 

1.74 

0.  It* 

ii  flO 

0. 52 

1  22 

8.06 

February . . . 

1  It 

0.08 

0.50 

ii  58 

II  III 

9.  20 

March . 

a.  4i* 

0. 05 

0. 50 

0.55 

2.14 

12.20 
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Table  No.  133. — Showing  state  of  proposed  Salmon  River  Reservoir  from  month 
to  month,  1892  to  1893,  inclusive,  with  draft  therefrom  as  required  by  Table  No. 
135,  from  May  to  November,  inclusive — Continued. 


Month. 

Run¬ 

off. 

Inflow 
to  res¬ 
ervoir. 

Oul 

Evap¬ 

ora¬ 

tion. 

;go  fron 

To 

stream 

0.50 

inch 

per 

month. 

i  reserv 

To 

canal 
as  re¬ 
quired, 
column 
(3),  ta¬ 
ble  135. 

oir. 

Total 

outgo. 

Ex¬ 

cess. 

Defi¬ 
ciency  . 

In  res¬ 
ervoir 
at  end 
of 

month. 

Wasted 

from 

reser¬ 

voir. 

(1) 

(2) 

(31 

(4)  , 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

189(3. 

April . . . . 

6.20 

0. 10 

0.50 

0.60 

5. 60 

13. 50 

4.30 

May. . 1 . 

1. 18 

0. 18 

0.50 

1.81 

2. 49 

1.31 

12. 19 

June . . . 

1.  18 

0.22 

0.50 

1.76 

2.  48 

1.30 

10.89 

July _ _ _ _ 

0.  72 

0. 18 

0.50 

1.81 

2.49 

1.77 

9  12 

August . . . . 

0. 63 

0. 19 

0.50 

1.81 

2.50 

1.87 

7' 25 

September  . . 

0. 71 

0. 15 

0.50 

1.76 

2.41 

1.70 

October . 

1.05 

0.10 

0.50 

0. 16 

0. 76 

0.29 

5.84 

N  ovember . . . 

2.  82 

0.04 

0. 50 

0.54 

2.28 

8.12 

Total . . . 

23.63 

1.29 

6.00 

9.11 

16.40 

15. 18 

7.95 

4.30 

1897. 

December . . . 

1.77 

0. 04 

0.50 

0. 54 

1.23 

9.85 

1.03 

0.02 

0. 50 

0. 52 

0. 51 

9.86 

February . . 

0.90 

0.03 

0.50 

0.52 

0.38 

10. 24 

March . - . .  .. 

3.13 

0. 05 

0. 50 

0. 55 

2.58 

12.82 

April . . . 

4  73 

0.10 

0. 50 

0.60 

4.13 

13. 50 

3.45 

May  _ _ _ _ _ 

3.01 

0. 18 

0.50 

0.68 

2.36 

13.50 

2.36 

June  . 

2. 94 

0.22 

0.50 

0.72 

13.50 

2.22 

J  uly . . . . 

2.74 

0.  18 

0. 50 

0.68 

2.06 

13. 50 

2.06 

August  _ _ 

2.11 

o.  19 

0.50 

0.69 

1.42 

13.50 

1.42 

September. . 

0.68 

0. 15 

0.50 

1.76 

2.41 

1.73 

11.77 

October  . . . . 

0.65 

0. 10 

0.50 

1.81 

2. 41 

1.76 

10. 01 

N  ovember . - . 

2.45 

0  04 

0.50 

0. 54 

1.93 

11.94 

Total . 

26.19 

1.29 

6.00 

3.57 

10. 86 

18.82 

. 

3. 49 

11.51 

1898. 

December _ 

3.67 

0.04 

0. 50 

0. 54 

3.13 

13. 50 

1.57 

January . . . . . 

1.97 

0.02 

0. 50 

0.52 

1.45 

13.50 

1.45 

February .  _ 

0. 02 

0. 50 

0.52 

1.04 

13.50 

1.04 

March _ _ 

5.18 

0.05 

0. 50 

0. 55 

4. 53 

13. 50 

4.63 

April . . . 

3.40 

0.  10 

0. 50 

0.  60 

2.80 

13.  50 

2.80 

May..- . 

2. 83 

0.18 

0.50 

0.68 

2. 15 

13. 50 

2. 15 

J  une . . . 

1.30 

0.22 

0.50 

1.72 

2.44 

1.  14 

12. 36 

0.64 

o.  is 

0.50 

1.81 

2. 49 

1.85 

10.51 

August 

1.30 

0.19 

0.50 

1.81 

2. 50 

1.20 

9.31 

September  .. 

0.96 

0.15 

0. 50 

2.41 

1  45 

7.86 

October . . 

2.02 

0.10 

0. 50 

0. 17 

0. 77 

1.25 

9.11 

November  . . 

2.29 

1.04 

0.50 

0.54 

1.  75 

10. 86 

Total . . 

27.12 

1.29 

6.00 

7.27 

14.56 

18.20 

5. 64 

— 

13.64 

SSI) 
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Table  X<>.  l:i:$  A.  — Shotting  stale  of  proposed  Salmon  River  Reservoir  from  month 
In  month.  JS9 In  I  HUS.  inclusive,  irith  draft  therefrom  ax  rei/niretl  taj  Tahir  So. 
l.tj,  from  Man  to  Soremher.  inclusive. 

[In  inches  <>n  tributary  catchment  area  of  11*1.5  minurc  mile*.  | 


<  *ut|t<>  from  reservoir. 

Month. 

Run- 

oft. 

Inflow 

tores 

ervoir. 

To  To 

Eva,,  mS  Total 

Mon. 

'&eW. 

Ex- 

Ct’Hft. 

In  ree- 
rn.fi.  ervoir 

cEy. 

month 

Wasted 

from 

reser¬ 

voir. 

<1, 

8 

i3> 

(4) 

(5) 

(6) 

(7) 

(ft) 

(#) 

(10) 

i*e. 

Dcccmlier .  . . 

•»  *r 

0.04 

0.50 

0.54 

1.73 

1  73 

.lammry . 

1  K3 

II  1*2 

n  50 

0  52 

4  31 

6  HI 

February 

•»  •#»* 

ii  Qg 

ll  50 

..  52 

1.70 

March . 

2  N> 

0.05 

0.50 

n  66 

1  26 

8  98 

April . 

5.  ar> 

0.  Ill 

II  50 

ll  ||0 

13.60 

0.24 

Max 

6  OB 

II  18 

0  50 

0. 68 

4  86 

13  .'HI 

4.35 

8  08 

o  it 

II  .5(1 

ll.  72 

2  :m 

13  .'HI 

2. 36 

l! 

0  18 

0  50 

II  1^ 

1. 7o 

13  .'HI 

1.70 

1  41 

0  IB 

ll  50 

ii  68 

1.32 

o.on 

13  50 

0. 00 

1  In 

o.  15 

o  5i  i 

1.76 

2.41 

1  31 

12  Id 

ll  72 

ii.  ]n 

n  .in 

1 . 81 

2.41 

II  00 

11  50 

November . 

1.811 

o  m 

o  5o 

1.78 

•I 

II  38 

11  12 

Total . 

83  n* 

1.20 

6.  on 

6.  Kl 

13. 22 

22.24 

2. 

8.  74 

18U3. 

1  Kl 

0  <14 

0. 50 

0. 54 

0.  411 

11.61 

Jail  unr  v . 

0.  82 

II  ICj 

0  50 

n  at 

a  a# 

11.01 

l.UI 

0  It 

ii  ’hi 

0  52 

0. 57 

12.  48 

Marrh . 

8  ll 

0.05 

0.50 

ll  55 

1  50 

18  60 

II  54 

4  44 

II  10 

ii  .’in 

II  00 

3. 84 

13  .'Hi 

3  84 

May . 

5.71 

0.  18 

ll  50 

II  68 

6. 08 

13. 50 

5  as 

•I  11  lie  . 

1  1l> 

ii  88 

0.50 

1  7ts 

2  48 

1.2# 

11.21 

July  . 

n  ll', 

II  is 

0.  50 

1.81 

8  18 

1  84 

0. 37 

AuffUftt  . 

i.a* 

0  11* 

0  'in 

1.81 

2  50 

1  22 

s  15 

Sapte  tuber 

1  Tii 

o  15 

0  50 

1  76 

2  41 

11.71 

7  44 

0.  in 

0  111 

0.50 

1.81 

2  41 

1  42 

6  It.’ 

it  l«i 

II  1*4 

0.80 

1  Til 

2  on 

1  4<i 

4  112 

Total . 

21.01 

1.2V 

6.00 

10.71 

18.  Ill 

11.78 

7.88 

9.41 

1W4. 

— 

December  . 

1.85 

(1  114 

0.  50 

0.54 

1 .31 

5. 1(1 

January  . 

1  78 

0.  It’ 

II  50 

0.62 

1  21 

7  14 

February  . 

1  12 

II  It.' 

0  50 

ll  52 

II  (Ml 

7.74 

March  . 

3.  78 

o  nr. 

II.  50 

ii  66 

3. 23 

in  07 

April . 

2.  70 

0.  Ill 

II  50 

II  60 

2.  16 

13  13 

May . 

1  1*4 

II  18 

ll  50 

II.  US 

1  88 

13  .'Hi 

II  80 

Juno . 

1.70 

u  22 

II.  50 

n  -* 

II  04 

0.82 

13.50 

0.82 

July  . . 

0.81 

0.  Is 

0.50 

i  'l 

|  C 

1. 68 

11.82 

August 

0  88 

n  in 

0  50 

1.81 

2. 50 

1  87 

0  05 

September . 

0.  47 

<1. 15 

0.50 

1.76 

2.  41 

i  04 

8  01 

<  )c  toiler  . 

n  04 

n  m 

n  50 

1  8| 

2  41 

1  17 

6  54 

November . . . 

1.58 

ii.  m 

0.  50 

1.71 

2.25 

(1  67 

5.87 

Total . 

10. 37 

1.2# 

r.  00 

,,  12 

1ft  41 

10. 50 

7.63 

1.71 

lsKi. 

December . . . 

1  12 

ii  hi 

0  50 

0. 54 

n  68 

6. 46 

January  .. 

(1  Ml 

0.02 

II  50 

n  at 

Ii  47 

6  02 

February  . 

0.82 

o.ie 

0. 50 

(1  52 

0  30 

7  22 

. 

March  . 

1  U' 

0.05 

II  .'HI 

a  66 

n  53 

i .  75 

A  pril 

n  m 

II  HI 

0  till 

6  31 

13  06 

May . . . . 

1  70 

I,  is 

II  'HI 

1  81 

2  40 

ll  73 

12  :ct 

June . 

0.70 

ll  .22 

0  50 

1.76 

2. 4s 

1  78 

111.  55 

July  . 

ll.  00 

0  Is 

(1.50 

1.81 

8  48 

1  8.3 

8  72 

August  . 

l.oo 

0  111 

0.  50 

1.81 

2.50 

1.50 

7.22 

0.  n', 

Ii  15 

n  :hi 

1.76 

2.41 

1  76 

5. 46 

<  k’tober . 

o  on 

ii  In 

0.50 

1  81 

2.41 

1.72 

3.74 

November . 

2.08 

o.m 

0.  50 

1.53 

2.07 

6. 61 

3.75 

Total . 

17.40 

1.2# 

u.m 

12.20 

It*.  58 

7.20 

ll  32 

1800. 

December . . . 

2. 7n 

ii  HI 

0.  'iii 

II  '.4 

•i 

6.00 

January _ _ _ _ _ 

1  74 

0.08 

0  50 

0.62 

i.-*" 

7. 22 

February  . 

1.12 

0.02 

0.50 

0. 52 

11.60 

7.82 
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Table  No.  133  A. — Showing  state  of  proposed  Salmon  River  Reservoir  from,  month 
to  month,  1892  to  1898 ,  inclusive ,  with  draft  therefrom  as  required  by  Table  No. 
131).,  from  May  to  November,  inclusive — Continued. 


Outgo  from  reservoir. 


Month. 

Run¬ 

off. 

Inflow 
to  res¬ 
ervoir. 

Evap¬ 

ora¬ 

tion. 

To 

stream 

0.50 

inch 

per 

month. 

To 

canal 
as  re¬ 
quired, 
column 
(5),  Ta¬ 
ble  134. 

Total 

outgo. 

Ex¬ 

cess. 

Defi¬ 

ciency. 

In  res¬ 
ervoir 
at  end 
of 

month. 

Wasted 

from 

reser¬ 

voir. 

(1) 

(2) 

(3) 

(4) 

(51 

(6) 

(7) 

(8) 

(91 

(10) 

1896. 

March . 

3.49 

0.05 

0. 50 

0.55 

2.94 

10.  76 

April . 

6.20 

0. 10 

0. 50 

0.60 

5.60 

13. 50 

2.86 

May  .  . . _ . 

1.18 

0. 18 

0.50 

1.81 

2.49 

1.31 

12.19 

June . 

1. 18 

0.22 

0.  50 

2.48 

1.30 

10. 89 

July . 

0.72 

0.18 

0. 50 

1.81 

2.49 

1.77 

9.12 

August  . . . 

0.63 

0.19 

0.50 

1.81 

2.50 

1.87 

7.25 

September . . . . 

0.  71 

0. 15 

0.50 

1.  76 

2.  41 

1.70 

October _ _ 

1.05 

0. 10 

0.50 

0. 60 

0. 45 

6.00 

November . . 

2.82 

0. 04 

0.50 

0.54 

2.28 

8.28 

-Total . 

23.63 

.1.29 

6.00 

8.95 

16.24 

15.34 

7  95 

- 

2. 86 

1897. 

December  . . 

1.77 

0.04 

0.50 

0.54 

1  23 

9.51 

January . . . 

1.03 

0.02 

0.50 

0.52 

0. 51 

10. 02 

February . 

0. 90 

0. 02 

0.50 

0. 52 

0.38 

10.40 

March . . . 

3. 13 

0. 05 

0. 50 

0. 55 

2.58 

12.98 

April . 

4.73 

0. 10 

0.50 

0.60 

4.  13 

13.50 

3.61 

May _ _ _ _ 

3.04 

0. 18 

0.50 

0.68 

2  36 

13.50 

2.36 

June . 

2. 94 

0.22 

0.50 

0.72 

*>  9*> 

13. 50 

2 

July _ _ _ 

2.  74 

0. 18 

0. 50 

0.68 

2.06 

13. 50 

2.06 

August . . 

2. 11 

0.  19 

0. 50 

0.69 

1.42 

13.50 

1.42 

September . 

0.68 

0.15 

0. 50 

1.76 

2.  41 

1.73 

11.77 

October  . . . 

0.65 

0.10 

0. 50 

1.81 

2. 41 

1.76 

10. 01 

November . 

2.47 

0.04 

0.50 

0.78 

1.32 

1.15 

11. 16 

Total . 

26. 19 

1.29 

6.00 

4.35 

11.64 

18.04 

3. 49 

11.67 

1898. 

December  . . . . 

0.04 

0.50 

0. 54 

3. 13 

13.50 

0.79 

January _ _ _ 

1.97 

0.  02 

0.50 

0.52 

1.45 

13. 50 

1.45 

February  .  . . 

1.56 

0. 02 

0. 50 

0. 53 

1.04 

13.50 

1.04 

March  A . 

5.18 

0.05 

0.50 

0. 55 

4.63 

13. 50 

4.63 

April . . . 

3.  40 

0. 10 

0. 50 

n  60 

2. 80 

13. 50 

2.80 

May . 

2.83 

0. 18 

0. 50 

0.68 

2. 15 

13. 50 

2.15 

June  . 

1.30 

0.22 

0.50 

1.76 

2.48 

i.  is 

12. 32 

July .  . . . . 

0. 64 

0.18 

0. 50 

1.81 

2.49 

1.85 

10.  47 

August  . . 

1.30 

0. 19 

0. 50 

1.81 

2. 50 

1.20 

9.27 

September . 

0.96 

0. 15 

0. 50 

1.76 

2. 41 

1.45 

7.82 

October.  ... 

2.02 

0. 10 

0. 50 

0.85 

1.45 

0. 57 

8.39 

November _ 

9  *X» 

0.04 

0. 50 

(1. 54 

1.75 

10. 14 

Total . 

27.12 

1.29 

6.00 

7.99 

15.28 

17.52 

5. 68 

12.86 

It  is  evident  from  the  foregoing  tabulations  that  Salmon  River  res¬ 
ervoir  is  capable  of  yielding,  in  an  emergency,  considerably  more  water 
in  the  canal  than  the  tabulated  quantities.  The  quantity  still  in  the 
reservoir  at  the  end  of  the  dry  year  1895  is  5.19  inches  on  the  catch¬ 
ment  area,  or  about  2,250,000,000  cubic  feet. 

DISCUSSION  OF  THE  PROPOSED  BLACK  RIVER  FEEDER. 

We  may  now  take  up  a  discussion  of  the  feeder  line  as  surveyed 
from  Carthage  to  near  Fort  Bull,  via  Rutland  Hollow,  Sandy  Creek, 
and  West  Branch  of  Fish  Creek,  etc.,  as  shown  in  general  outline  on 
plate  93.  When  the  surveys  for  this  feeder  were  begun,  the  latter  part 
of  August,  1898,  the  datum  assumed  was  crest  of  State  dam  at  Car¬ 
thage,  taken  at  elevation  723.53.  At  that  time  it  was  considered  that 
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this  elevation  was  verv  nearly  correct,  the  Slate  engineer  and  .stir- 
veyor  of  the  State  of  New  York  having  a  few  years  previously  run  a 
line  of  levels  from  Koine  to  Carthage  and  correcting  previous  eleva¬ 
tion  of  Carthage  dam  by  2. Id  feet.  It  appeared,  however,  when  the 
feeder  levels  were  finally  connected  with  those  of  the  main  ship  canal 
near  New  London,  that  there  was  a  difference  of  3.7ft  feet.  The  fol¬ 
lowing  are  the  determined  elevations  at  bench  mark  No.  -fa  of  main 
shiteeanal  survey: 

IV  -t. 

Elevation  of  bench  at  New  London  of  main  ship-canal  survey,  as  per  Mr. 


Himes  . .  .  409. 88 

Elevation  of  this  l>ench  as  per  feeder  survey..  .  405.43 

Difference . .» . .  3.79 


Hence  it  appears  that  the  feeder-line  levels  are  lower  than  the 
main  ship-canal  levels  by  the  foregoing  amount,  which  fact  should  be 
taken  into  account  in  comparing  the  two  surveys  where  they  join 
together  near  Fort  Hull. 

The  feeder-line  levels  have  all  l>een  checked  from  Carthage  to  Fort 
Hull,  and,  aside  from  the  initial  difference  in  datum  referred  to  in  the 
foregoing,  are  believed  to  In*  right. 

Taking  into  account  the  foregoing  difference  of  levels  of  feet, 
the  elevation  of  ( Iswego-Mohawk  summit  level  I tecomcs  411.21  feet, 
instead  of  4 1  as  per  main  ship-canal  survey.  All  elevations  follow¬ 
ing  nr . .  to  conform  to  main  ship-canal  survey. 

Station  Oof  the  feeder  line  begins  at  the  west  bank  of  Black  liiver, 
near  the  west  end  of  the  State  dam.  The  canal  proper,  however,  is 
extended  up  the  river  from  this  point  about  1  ,(KX)  feet  to  the  main 
barrage  across  Black  River.  Dam  No.  2,  which  extends  from  oppo¬ 
site  station  Oof  the  feeder  line  to  the  main  barrage,  separates  this 
portion  of  tin*  canal  from  the  main  pond  nlmvc  the  State  dam.  Dam 
No.  2  is  rendered  necessary,  not  only  lieeause  it  has  been  deemed 
desirable  to  make  the  water  surface  of  the  canal  •  >  feet  above  crest 
of  State  dam,  or  at  elevation  7d:>..'!,  but  further  in  order  to  abso¬ 
lutely  separate  canal  water  from  com]M*nsat  ion  water  to  the  river,  the 
arrangements  of  the  main  barrage  being  such  as  to  ] term  it  of  discharg¬ 
ing  the  proper  quantity  to  the  canal  absolutely  without  reference  to 
the  quantity  to  the  river,  there  Iwing  separate  sluices  for  each  sup 
ply.  By  carrying  out  this  arrangement  a  prolific  source  of  dispute 
between  mill  owners  on  Black  River  and  canal  authorities  will  be 
eliminated. 

In  the  preliminary  studies  it  was  assumed  that  this  feeder  would, 
at  times,  be  required  to  deliver  from  1,800  to  2,<mm)  cubic  feet  per 
second,  and  that  the  allowable  maximum  velocity  in  linn  earth  sec¬ 
tions  might  betaken  at  from  2  to  about  2. />  linear  feet  per  second. 
This  velocity,  it  was  considered,  would  be  swift  enough  to  prevent 
the  growth  of  weeds  or  the  deposition  of  silt,  and  at  the  same 
time  would  not  seriously  erode  the  heavy  soils  with  which  wo  have 
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mostly  to  deal  on  this  worK.  A  mean  velocity  of  about  1.9  to  2.5 
linear  feet  per  second  for  the  assumed  cross  sections  gives,  roundly, 
a  grade  of  1  foot  per  mile,  which  is  the  grade  generally  used,  except 
in  rock  sections,  where  higher  grades,  with  the  consequent  higher 
velocities,  are  permissible.  The  limit  and  extent  of  such  may  be 
seen  by  reference  to  the  data  on  the  profile  and  to  the  tabulations 
following.  As  the  study  proceeded  and  estimates  of  quantity  of 
water  to  betaken  from  Black  River  in  different  years  were  perfected, 
it  was  found  that  the  quantity  would  not  only  be  somewhat  smaller 
than  originally  assumed,  but  that  in  years  of  maximum,  or  nearly 
maximum  run-off,  the  quantity  to  be  taken  would  be  quite  small. 
Thus,  from  Table  No.  134,  which  gives  in  column  (9)  the  quantity  of 
water  to  be  taken  from  Black  River  in  each  month  for  the  water  years 
1892  to  1898,  inclusive,  it  appears  that  with  the  large  run-offs  of  the 
years  1892  and  1897  it  would  only  be  necessary  to  take  water  from 
Black  River  during  two  months  of  those  years,  namely,  September  and 
October  in  1892,  and  the  same  months  in  1897.  In  1898  water  would 
be  taken  during  the  three  months,  July,  August,  and  September, 
while  in  a  dry  year,  like  1895,  water  would  require  to  be  taken  from 
May  to  October,  inclusive.  The  establishing  of  this  fact  led  to  some 
new  views  as  to  the  coefficient  of  rugosity  properly  applicable  to  this 
feeder.  The  original  computations  were  on  the  basis  of  a  value  of  n 
of  0.025  in  the  Kutter  formula,  but  when  it  is  learned  that  the  feeder, 
in  wet  years,  may  be  used  only  two  months  and  will  be,  consequently, 
subject  to  rank  vegetable  growth,  it  was  at  once  apparent  that  the 
value  of  n  of  0.025  would  be  too  small.  Taking  into  account  such 
sources  of  retardation,  as  well  as  the  fact  that  a  channel  of  this  char¬ 
acter,  used  intermittently,  will  not  be  as  well  taken  care  of  as  though 
in  constant  service,  it  lias  seemed  safer  to  mostly  use  a  value  of  n  of 
0.035,  except  in  narrow,  deep  rock  cuts,  where  the  depth  of  water  has 
been  made  from  18  to  20  feet,  with  consequent  increased  value  of  r, 
in  which  cases  a  value  of  n  of  0.031  has  been  used.  This  view  is 
further  enforced  by  considering  that  the  feeder  channel  will  be  sub¬ 
ject  at  all  seasons  to  inflow  of  flood  waters  from  many  side  hill  streams, 
which  will  bring  down  detritus  to  form  bars  and  obstructions  generally. 
The  cross  currents  and  eddies  produced  by  such  obstructions  will 
tend  to  reduce  the  mean  velocity.  It  is  proposed  to  channel  the  sides 
of  the  rock  cuts  and,  except  for  the  fact  that  the  nearly  vertical  side 
walls  may  be  expected  to  slough  off,  causing  obstructions  in  the  bot¬ 
tom,  the  value  of  n  for  such  sections  could  be  taken  somewhat  lower. 
Again,  there  are  a  few  places  where  the  earth  slopes  may  possibly 
show  a  tendency  to  slide  and  which  should  be  protected  by  growths 
of  willows,  which,  when  growing  along  t  he  margins  and  lopping  over 
into  the  water,  will  further  tend  to  retard  flow.  These  several  retard¬ 
ing  causes  appear  to  indicate  the  propriety  of  using  a  maximum  value 
of  nof  about  0.035.  On  the  other  hand,  when  the  channel  is  new  and 
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t lie  bottom  and  sides  in  good  order,  we  may  expect  flows  equivalent 
to  a  value  of  n  of  about  < >.<  >25  to  0.030.  Depending,  then,  on  the  con- 
d i t ion  of  the  channel,  values  of  n  may  lx*  expeeted  to  vary  from  0.025 
to  0.035.  It  is  fully  recognized,  in  short,  that  there  is  no  sneh  thing 
as  positively  defining  the  flow  through  a  ehannel  of  this  character, 
subject  to  the  mutations  of  extreme  flood  flow  at  one  lime  and  heavy 
vegetable  growths  at  another.  It  is  considered  that  the  proper  treat¬ 
ment  is  to  design  the  channel  large  enough  to  carry  the  maximum 
quantity  under  the  most  adverse  eondit ions.  It  is  from  this  point  of 
view  that  tin*  sections  have  been  provisionally  adopted  as  shown. 

In  regard  to  the  cross  sections,  it  may  be  remarked  that  the  feeder 
has  been  nominally  designed  to  carry  from  Carthage  to  Sandy  Creek 
(Dam  No.  8)  1,000  cubic  feet  per  second.  From  Dam  No.  s  (station 
i:i8'.i+5u)  to  the  head  waters  of  Fish  Creek  at  Kasoag  the  channel  is 
designed  to  carry  l,10o  cubic  feet  per  second,  and  from  Fish  Creek 
(station  4207-f- 70)  to  main  ship  canal  near  Fort  Bull  t he  cross  sections 
have  been  designed  to  carry  l,2iM)  cubic  feet  per  second.  (Quantities 
on  these  several  sections,  however,  an*  somewhat  relative.  Through¬ 
out  its  whole  extent  the  feeder  is  further  designed  with  reference  to 
carrying  large  flood  flows,  so  that  by  slight  forcing  of  the  smaller  sec¬ 
tions  an  add  it  iona  I  amount  of  water  could  be  passed  t  h  rough,  if  neces¬ 
sary,  the  figures  as  given  in  the  foregoing  representing  merely  the 
assumed  capacities  when  little  or  no  water  is  passing  except  that 
required  for  canal  supply.  The  reasons  for  reducing  the  section 
materially  below  Dam  No.  8  on  Sandv  Creek  will  Is*  given  further  on. 

As  shown  in  Flood  Flows  of  Streams  in  the  State  of  New  York,  the 
run-ofTs  from  the  tributary  streams,  especially  at  the  upper  end  of 
Black  River  feeder,  are  very  large.  As  there  seems  to  be  no  way  to 
avoid  taking  these  streams  directly  into  the  feeder  discharging  flood 
waters  at  convenient  points,  it  liecamc  imperat  ive  that  the  channel  be 
made  of  liberal  dimensions  in  order  to  prevent  catast rophies  with 
ext reme  flood  flows.  These  several  considerations  are  stated  as  fur¬ 
ther  reasons  for  assuming  a  rather  high  value  of  n.  As  to  the  values 
of  //  used  for  each  section,  refer  to  data  given  with  tabulation  of  cross 
sections  following. 

As  .shown  on  the  profile,  plate  14<»,  from  station  0  to  station  IS  the 
feeder  is  made  si  feet  wide  and  10  feet  deep,  with  substantial  retain¬ 
ing  walls  at  each  side.  From  station  18  to  station  107  +  20  the  chan¬ 
nel  is  an  open  cut  with  bottom  in  rock  for  the  whole  distance.  From 
station  120  to  station  17*1  the  work  is  in  tunnel  with  a  cross  section  of 
20  feet  by  17.5  feet.  For  this  section  we  have  //=(). 031  and  r  =  4.»> 
linear  feet  per  second.  From  station  170  to  station  531  the  feeder  is 
an  open  cut  with  the  bottom  entirely  in  rock,  except  for  a  few  hun¬ 
dred  feet  at  about  station  310,  and  also  fora  few  hundred  feet  at  about 
station  382.  At  station  530  the  feeder  enters  the  head  of  Rutland 
Hollow,  occupying  a  natural  valley  to  station  07o,  at  which  point  the 
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bottom  of  the  valley  is  at  an  elevation  of  675.  Dam  No.  (3  at  this 
point  raises  the  water  to  the  elevation  716.5,  thus  creating  an  extensive 
pond  in  Rutland  Hollow.  From  station  672  +  10  to  station  927  +  30 
the  line  crosses  by  a  deep  rock  cut  through  the  divide,  separating 
Rutland  Hollow  from  West  Branch  of  Sandy  Creek.  The  channel  is 
in  rock  throughout  this  entire  section,  except  for  about  1,200  feet  at 
Dam  No.  7  (station  770).  The  cross  sections,  values  of  n,  mean 
velocity,  slope,  etc.,  are  given  on  profile  and  in  the  table  following. 
From  about  station  872  +  70  to  927  +  30  the  artificial  channel  is,  in 
effect,  a  mere  drainage  ditch  for  the  purpose  of  draining  the  rock  cut 
when  necessary  for  cleaning  or  repairs.  On  the  general  question  of 
drainage  it  may  be  remarked  that  the  whole  feeder  has  been  designed 
with  drainage  ditches,  when  necessary,  in  the  bottom,  in  order  to 
drain  the  work  if  required.  Throughout  the  whole  section  from  sta¬ 
tion  872  +  70  to  Sandy  Creek  (Dam  No.  8)  it  is  proposed  to  take  a 
right  of  way  wide  enough  to  cover  all  contingencies,  allowing  the 
water  to  pursue  its  own  course  through  the  valley,  this  being  con¬ 
sidered  more  economical  than  to  attempt  to  rectify  the  meandering 
creek  channel. 

The  main  dam  on  Sandy  Creek  (No.  8),  opposite  station  1365  +  90, 
is  to  be  of  earth,  20  feet  wide  at  the  top,  with  2.5  to  1  slope  on  the 
upstream  side  and  2  to  1  slope  on  the  downstream  side,  paved  on  the 
upstream  slope  and  sodded  on  the  downstream.  Ordinarily  the  earth 
dams  have  been  made  15  feet  wide  on  top,  but  Dam  No.  8  and  a  few  others 
have  been  increased  to  20  feet  in  order  to  accommodate  new  wagon  roads 
crossing  the  tops.  On  the  north  side  of  the  valley  the  Trenton  lime¬ 
stone  appears  in  a  ledge  at  the  surface  of  the  ground,  but  dropping 
off  nearly  vertically.  To  the  south  of  this  ledge  of  Trenton  limestone, 
from  25  to  30  feet  below  the  creek  bottom,  a  shale  rock  is  found. 
The  foundation  of  Dam  No.  8  is  cut  well  into  the  shale. 

A  substantial  core  wall  of  masonry  is  carried  up  from  the  shale 
rock  foundation  to  within  3  feet  of  the  extreme  top  of  the  dam.  The 
natural  catchment  area  of  Sandy  Creek  above  Dam  No.  8  is  107  square 
miles,  from  which  there  may  be  expected  flood  flow's  of  about  100 
cubic  feet  per  second  per  square  mile,  or  a  total  of,  perhaps,  10,000 
cubic  feet  per  second.  To  accommodate  such  flood  flows  the  spillway 
has  been  made  of  liberal  length  and  provided  with  an  inexpensive  form 
of  movable  crest,  to  be  operated  by  mechanical  appliances  driven  by 
a  turbine  water  wheel.  This  movable  crest,  vdien  in  place,  is  at  an 
elevation  of  6  inches  above  the  water  surface  of  the  pond,  which  is 
taken  at  elevation  659.7. 

While  on  the  subject  of  dams,  it  may  be  remarked  that,  generally 
speaking,  the  dams  have  been  designed  with  the  extreme  tops  6  feet 
above  the  ordinary  flow  line  of  the  feeder,  although  in  a  few'  cases 
they  have  been  made  10  feet.  Earth  dams  have  all  been  designed 
with  2.5  to  1  paved  slopes  on  the  water  side  and  2  to  1  sodded  slopes 
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on  tin*  downstream  side,  and  with  1 J  inches  of  lining  under  tin*  paving 
and  1  -  inches  of  soiling  under  tin*  sod.  The  more  important  earth 
dams  have  masonry  core  walls,  which,  generally  shaking,  have  been 
carried  down  and  well  into  tin*  rock.  In  a  few  cases,  however,  foun¬ 
dations  for  core  walls  have  ln*en  made  on  Imrdpan  or  firm  clay. 

The  main  barrage  on  black  River  (Dam  No.  1);  the  two  dams  on 
Salmon  River  (Nos.  .Timid  73);  Dam  No.  !•,  on  South  branch  Sandy 
Creek;  Dam  No.  11,  on  Deer  Creek;  Dam  No.  1-,  on  Loraine  brook, 
and  Dam  No.  tin,  on  West  branch  of  Fish  Creek,  are  designed  to  be 
substantial  masonry  <•  instructions,  cross  sections  for  all  of  which  are 
given  in  the  manuscript  sheets  of  cross  section.  A  considerable 
number  of  the  danisare  provided  with  spillways  with  paved  or  concrete 
wasteways,  etc.,  as  is  deemed  necessary  for  proper  discharge  of  flood 
waters. 

From  station  13s;»  +  50,  where  the  feeder  leaves  the  Sandy  Creek 
pond  (Dam  No.  H),  to  st at  ion -lit  >4  +  3b,  at  tin*  south  end  of  tin*  lower 
Kasoag  pond,  where  the  feeder  enters  the  head  waters  of  tin*  West 
branch  of  Fish  Creek,  the  grade,  except  through  the  several  ponds,  is 
substantially  1  foot  per  mile,  t  hi  this  section  there  are  33  ponds,  all 
of  w  hich,  with  t  lie  except  ion  of  :>,  at  c  formed  by  t  brow  in*  dams  across 
valleys.  The  exceptions  arc  the  upper,  middle,  and  lower  Kasoag 
l>onds,  which  an*  natural,  and  which  have  been  taken  ad  vantage  of  as 
part  of  the  line  of  tin*  feeder.  There  an*  also  two  vertical  drops — one 
at  Dam  No.  .‘>7,  where  tin*  feeder  enters  tin*  upper  Kasoag  pond,  and 
Dam  No.  •V*i,  where  it  leaves  the  lower  Kasoag  pond.  There  are  also 
a  number  of  places  where  it  has  been  deemed  desirable  to  make  dam 
constructions  at  points  where  the  water  surface  of  feeder  is  either  at 
or  a  1  it t h*  above  the  natural  surface.  Moreover,  there  are  a  number 
of  places  where  the  assumed  water  surface  of  feeder  is  very  near  the 
natural  surface,  but  where  it  has  been  considered  not  worth  while  to 
make  special  constructions.  At  all  such  {daces  it  is  proposed  to  form 
an  embankment  wit  lit  In*  spoil  from  the  exon  vat  ion,  carrying  the  same  to 
heights  of  from  to  infect  above  the  natural  surface,  its  limy  he  neces¬ 
sary  to  insure  safety  during  tlood  Mow.  At  points  of  t  his  elm  ractcr  where 
it  has  been  deemed  necessary  to  make  special  constructions  the  nat¬ 
ural  surface  slopes  rapidly  away  from  t  he  feeder  line,  whereas  at  points 
where  special  constructions  are  considered  unnecessary,  but  simple 
embankments  must  nevertheless  be  constructed  for  protection  against 
Mood  Mows,  the  natural  surface  is  flat  outlie  lower  side  of  the  feeder. 

<  >n  the  section  of  feeder  from  Sandy  Creek  to  Kasoag,  for  a  consid¬ 
erable  portion  of  the  way  the  excavation  is  in  shah*  rock,  sandstone, 
and  Imrdpan.  It  is  considered  that  for  the  most  of  this  section  the 
material  will  retain  water.  In  the  vicinity  of  Salmon  River,  however, 
from  about  station  ».ri2u  to  station  :iG3.’>  the  excavation  is  in  gravel, 
which  was  found  on  test  to  not  be  watertight.  This  section  of  the 
canal  will  require  careful  {Middling  and  probably  riprap  to  hold  the 
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puddle  in  place.  The  material  for  puddle  may  lie  obtained  within  a 
reasonable  d i stance. 

The  crossing  of  Salmon  River  is  made  by  Dam  No.  53,  provision 
being  made  to  drain  this  dam  when  necessary  for  cleaning  or  repairs. 
To  the  south  of  Salmon  River  the  line  passes  from  about  station  2710 
to  station  2780,  through  a  swamp  now  subject  to  more  or  less  constant 
flooding  from  Beaver  Dam  Brook.  The  material  of  this  swamp  is  soft 
muck  which,  when  seen  in  sample,  will  apparently  stand  only  at 
exceedingly  flat  slopes,  but  in  actual  fact,  however,  along  the  Beaver 
Dam  Brook,  where  it  is  interlaced  with  roots,  it  stands  at  about  1  to  1 
slope.  It  is  not  considered,  therefore,  that  there  will  be  any  difficulty 
in  making  the  feeder  excavation  through  this  section.  In  order  to 
maintain  the  water  level  of  the  swamp  it  is  proposed  to  construct  a 
small  timber  dam  at  a  narrow  pass  2,000  feet  west  of  station  2735. 

The  original  design  contemplated  a  series  of  dikes,  beginning  at 
about  station  2530  and  extending  to  opposite  station  2575  and  includ¬ 
ing  Dams  Nos.  47-52,  inclusive,  and  making  a  pond  extending  from 
station  2531  +  50  to  2830+20.  The  surveys  had  apparently  indicated 
a  series  of  glacial  ridges  on  this  section,  presumably  with  hardpan 
not  far  below  the  surface.  The  borings,  however,  showed  that  instead 
of  being  glacial  ridges  they  were  sand  ridges,  formed  by  the  action  of 
flowing  and  eddying  water,  several  of  them  showing  open,  porous 
sand  to  considerable  depths,  while  at  Dam  No.  50,  the  closure  of  the 
outflowing  stream,  the  borings  developed  quicksand  to  considerable 
depth.  These  several  objectionable  features  seem  to  render  the  dikes 
on  this  section  impracticable.  The  pond  was  accordingly  abandoned 
and  a  new  line  located  along  the  side  hill  to  the  northeast,  the  new 
line  beingthe  section  already  described  as  lying  in  gravel  and  requiring 
puddle  with  overlying  riprap. 

At  station  2904+30,  at  the  lower  end  of  Kasoag  ponds,  there  is  a 
natural  dike  15  feet  in  height,  which  now  retains  the  water  of  those 
ponds.  The  vertical  drop  from  the  lower  pond  to  the  channel  of  Fish 
Creek  below  has  been  located  at  near  the  east  end  of  this  dike.  The 
balance  of  the  dike  is  to  be  strengthened  with  waste  material  from 
the  spillway  excavation. 

Below  Kasoag  ponds  the  feeder  enters  West  Branch  of  Fish  Creek. 
For  several  miles  the  channel  is  narrow  and  incapable  of  carrying 
the  ordinary  feeder  flows  in  addition  to  flood  flows.  The  areas  at  the 
side  are  level  and  in  places  swampy  for  considerable  distances.  At 
Williamstown  there  are  two  dams  (stations  3108  and  3132+50)  creating 
small  water  powers.  Below  Williamstown  the  channel  is  still  narrow 
and  tortuous,  with  occasional  swamp  areas  at  the  sides.  Above  West 
Camden  the  creek  flows  through  Gifford’s  Lake,  about  1  mile  in  length, 
the  West  Camden  dam  (station  3420)  being  at  the  lower  end  of  said 
lake.  Below  West  Camden  the  cross  section  of  the  stream  increases 
in  size,  becoming  large  enough  to  take  the  ordinary  feeder  flows  with- 
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den,  at  l)e  Lapp's  dam  (station  it  is  proposed  to  make  a  cut-off 

flood-water  channel  through  which  tin*  major  portion  of  tin*  flow  <lue 
to  tlio  feeder  can  betaken  out  of  Fish  Creek  and  delivered  into  Mad 
River,  a  short  distance  to  the  east,  and  so  carried  around  the  village 
of  Camden  without  danger  of  overflow,  finally  again  flowing  into  Fish 
Creek,  the  situation  licing  complicated  there  by  three  water-power 
dams  in  the  heart  of  the  village.  There  arc  also  two  water-power 
dams  on  Mad  River  below  the  point  where  the  flood-water  channel 
would  enter  t  hat  st  ream,  but  it  is  considered  t  hat  the  necessary  arrange¬ 
ments  for  safely  passing  flood  flows  can  be  made  more  cheaply  on  Mad 
River  than  in  the  present  channel  of  West  Branch  of  Fish  Creek 
through  the  village  of  Camden.  Below  Camden  and  between  that 
point  and  Dam  No.  54  (station  4d02+7<»),  where  the  lower  section  of 
the  feeder  begins,  the  channel  is  deep  ami  will  carry  the  feeder  water 
in  addition  to  the  flood  flows  without  serious  overflow.  Throughout 
the  whole  extent  of  West  Branch  of  Fish  Creek,  where  the  feeder 
water  is  likely  to  cause  overflow,  the  estimates  of  land  damages  have 
been  made  liberal  enough  to  cover  the  purchase  of  such  a  broad  strip 
as  to  insure  Government  ownership  of  all  lands  which  can  by  any 
possibility  be  alTeeted.  Hence  it  has  appeared  unnecessary  to  expend 
anything  in  rectification  of  channel.  It  is  proposed,  however,  to,  so 
far  as  necessary,  purchase  the  existing  water  powers  on  West  Branch 
of  Fisli  Creek  on  the  ground  that  tin*  present  power  dams  are  mostly 
temporary  constructions  which,  while  sufficient  to  stand  flood  flows 
for  a  few  days  each  year,  are  insufficient  when  a  constant  addition  of, 
say.  1,200  cubic  feet  per  second  is  made  to  the  stream.  The  effect  of 
not  purchasing  them  would  be  to  leave  thconus  of  maintenance  upon 
the  ship  canal  management.  Tin*  author's  view  is  that  the  proper 
procedure  is  to  compensate  the  owners  for  the  existing  structures, 
leaving  them  free  to  build  new  structures  adequate  to  the  changed 
conditions,  but  without  any  claim  for  damages  on  account  of  the 
increased  flow,  new  constructions  to  be  made,  so  far  as  necessary,  for 
control  of  feeder  water,  subject  to  approval  of  ship  canal  authorities. 
A  series  of  cross  sections  of  the  Fish  Greek  channel  are  shown  on  the 
maps.  The  notes  of  these  sections,  together  with  outline  plans  and 
profiles  of  tin*  several  damson  West  Branch,  may  be  found  with  the 
notes  and  miscellaneous  papers  turned  in  to  your  Board.  It  has  not 
seemed  worth  while  to  plot  out  for  publication  these  cross-section 
plans  and  profiles. 

Dam  No.  .14,  about  opposite  station  4fld2-f-70,  is  a  mere  diversion 
weir  for  the  purpose  of  turning  the  flow  in  the  channel  of  West  Branch 
of  Fish  Creek  into  the  feeder  channel.  The  relation  of  Dam  No.  54 
to  feeder  is,  as  shown  on  map,  with  reference  to  utilization  of  basin 
above  Dam  No.  54  fur  catching  sdt.  Arrangements  are  proposed  at 
this  dam  for  sluicing  out  the  silt  when  it  has  nearly  filled  the  pond. 


DEEP  WATERWAYS. 


889 


At  station  4435  we  have  Dam  No.  57  crossing  East  Branch  of  Fish 
Creek,  which  is  designed  to  be  mainly  of  earth  with  masonry  spill¬ 
way  with  substantial  wing  walls  and  paved  wasteway  channel  leading 
from  spillway  to  main  channel  of  creek  below  Dam  No.  57  as  shown. 
The  general  design  of  the  several  paved  wasteway  channels  indicated 
on  the  maps  is  to  make,  in  every  case,  a  cut-off  wall,  which,  in  the 
present  case,  is  the  main  spillway  wall,  carrying  the  same  down  well 
onto  or  into  rock  or  hard,  stable  material,  as  the  case  may  be.  The 
paving  will  be  mostly  made  of  large  bowlders,  set  in  concrete,  when 
necessary  for  permanent  construction  several  feet  in  thickness.  The 
points  where  such  spillways  are  located  are  indicated  on  the  maps, 
rendering  detailed  reference  to  each  unnecessary.  The  general  design 
on  which  the  estimates  have  been  prepared  is  the  same  for  all. 
Retaining  walls  are  proposed  for  confining  these  wasteway  channels, 
so  far  as  necessary.  From  Dams  Nos.  58  to  63,  inclusive,  the  founda¬ 
tions  are  on  clay  at  some  places,  as  shown  by  the  detailed  profiles  and 
cross  sections  submitted,  to  considerable  depths.  The  borings  indi¬ 
cate  that  these  clays  are  water-tight  and  while  careful  construction 
will  be  imperative,  it  is  believed  that  there  is  no  difficulty  about 
making  this  section  of  the  feeder  safe. 

At  station  4577  +  40  the  feeder  leaves  the  artificial  pond  created  by 
Dam  No.  63,  passing  into  what  is  locally  known  as  the  “sand  plains,” 
and  continues  substantially  therein  to  between  Dams  Nos.  65  and  66, 
where  it  passes  into  the  broad  valley  of  Canada  and  Wood  creeks. 

A  boring  was  made  near  station  4593+40,  where  main  north  and 
south  highway  from  Humaston  Station  to  New  London  crosses  feeder 
line.  The  boring  notes  show  that  from  0  to  40  feet  the  material  was 
quicksand  or  very  fine  sand,  except  that  at  36  feet  down  a  layer  of 
clay  6  inches  in  thickness  was  passed  through.  Water  appeared  in 
the  bore  hole  at  depth  of  12  feet.  The  depth  of  cutting  at  this  point 
is  43  feet.  A  boring  was  also  made  at  Dam  No.  64,  1,600  feet  west  of 
station  4674  +  40.  The  first  5  feet  developed  muck;  from  5  feet  to  70 
feet  quicksand  or  very  fine  sand.  Dam  No.  64  is,  however,  a  low  dam, 
raising  the  water  only  about  15  feet,  and  there  is  no  reason  why,  with 
thorough  construction,  a  water-tight  structure  can  not  be  made  even 
on  this  unpromising  material. 

A  boring  was  made  also  at  station  4711,  which  developed  muck  for 
the  first  8  feet  and  white  sand  from  8  feet  to  13  feet. 

The  last  boring  was  at  station  4786,  at  site  of  Dam  No.  65,  which 
developed  for  the  first  19  feet  red  sand,  and  from  19  to  30  feet  clay 
with  20  per  cent  of  coarse  gravel,  which  is  reported  to  easily  hold 
water.  As  regards  borings  at  Dam  No.  66,  the  main  ship  canal  survey 
made  a  boring  at  station  3239+62,  which  is  reported  as  developing 
rock  28  feet  below  the  surface.  Estimates  for  Dam  No.  66,  the  main 
angle  of  which  is  about  500  feet  north  of  the  said  bore  hole,  have  been 
prepared  on  this  basis. 
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Dam  No.  (it;,  barring  C  anada  t'reck,  lias  been  provided  with  a  spill 
way  4< m >  feet  in  length  and  with  paved  wasteway  lielow.  This  is  more 
spillway  1  hail  is  actually  required  for  the  flood  llowsof  Canada  Creek, 
but  it  is  considered  that,  due  to  the  relation  which  this  portion  of  the 
feeder  hears  tot  he  summit  level,  a  port  ion  of  the  flood  flows  of  Mohawk 
River  may  be  discharged  over  this  spillway.  The  water  surface  ele 
vat  ion  of  the  pond  above  Dam  No.  <>•>  has  been  placed  at  415,  which 
is  the  same  as  the  summit  level  of  the  ship  canal. 

Dam  No.  »!5  A  is  a  vertical  drop,  whereby  the  feedei  water  is  car¬ 
ried  from  the  high  level  of  the  sand  plain  section  to  the  ship  canal 
summit  level. 

A  review  of  the  borings  easily  shows  that  the  difficult  section  for 
(*onst ruction  is  that  through  the  sand  plains,  from  station  4577  T  40 
to  about  station  471*7  4-  50,  a  distance  of  4.17  miles.  Fora  portion  of 
the  way  the  material  i>  dry,  not  possessing  t  lie  quality  of  water-tight¬ 
ness.  This  section,  while,  as  shown  on  the  profile,  in  deep  cut,  may 
be  expected  to  excavate  cheaply  and  cx|>edit iously  at  the  portions 
where  water  will  be  likely  to  give  t rouble.  The  estimates  provide  for 
2  to  1  slopes,  covered  with  a  stiff  puddle  composed  of  sand,  gravel, 
and  clay,  mixed  in  such  proportion  as  to  insure  tin*  maximum  degree 
of  stiffness,  and,  as  an  extra  precaution,  to  1m*  held  in  place  by  a 
rough  riprap.  It  is  proposed  to  extend  tin*  puddle  and  riprap  a  few 
feet  above  the  water  surface  in  order  to  provide  against  dangerous 
erosion  at  t  inn*  of  flood  flow  *.  Above  t  he  puddle  and  riprap  t  he  slopes 
are  to  be  further  protected  by  growths  of  willows.  There  are  a  few 
other  points  along  the  feeder  line  where  similar  protection  with  wil¬ 
lows  would  be  desirable  and  which  have  Ik*cii  provided  for  in  the 
estimates. 
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Table  No.  134. — Showing  quantity  of  water  to  be  furnished  by  streams  tributary 
to  proposed  feeder  line  and  main  canal,  together  with  the  quantity  to  be  taken 
from  Black  River  by  the  open  feeder,  1892  to  1898,  inclusive. 


[In  cubic  feet  per  second.] 


Month. 

Total  quantity  re¬ 
quired. 

Streams  to  north  of 
trout  brook,  as  per 
Table  No.  4. 

Trout  brook  and 

streams  south,  as 

per  Table  No.  8. 

(1) 

(2) 

(3) 

(4) 

1893. 

December . 

228 

844- 

January . . . 

171 

1,856 

February  . 

:584 

913 

March . 

436 

1  075 

April  . . . 

503 

2  120 

May . 

1,600 

385 

1.931 

Oune . . 

1,  COO 

330 

1.330 

July . 

1,600 

453 

1,168 

August  . . . 

1,600 

390 

540 

September . 

1,600 

54 

438 

October  . 

1,600 

70 

377 

November . 

1,600 

139 

749 

1893. 

December . . . 

319 

398 

January . . . . 

4130 

314 

February _ 

314 

473 

March _ _ 

508 

813 

April _ _ _ 

1  730 

May . . . . 

i,600 

571 

3, 194 

June  . . 

1,600 

80 

473 

July  - . — 

1,600 

66 

348 

August . . 

1,600 

77 

493 

September . 

1,600 

75 

07B 

October. . . . . . . 

1,600 

88 

381 

November . . . . 

1,600 

133 

.358 

1894. 

December . 

514 

710 

January _ _ 

307 

605 

February _ _ 

309 

476 

March _ _ _ 

738 

1.451 

April . . . . 

1,093 

May  . 

1.600 

973 

745 

June . . 

1,600 

348 

684 

July . 

1,600 

31 

313 

August . 

1, 600 

47 

343 

September. . . . 

1,600 

310 

183 

October . 

1,600 

96 

359 

November . . 

1,600 

185 

637 

1895. 

December  . . . 

K34 

430 

January  _ 

143 

381 

February _ _ 

53 

349 

March  . .  . . 

427 

414 

April _ _ _ _ 

456 

3,352 

May  . 

1,600 

41 

674 

June . . 

1,600 

30 

377 

July . . . 

1,600 

35 

222 

August  . 

1,600 

37 

384 

September. . . . 

1,600 

34 

359 

October  . . . 

1, 600 

35 

359 

November . . . 

1,600 

106 

839 

1896. 

December  . . 

565 

1,073 

January  _ _ 

103 

688 

February . . . 

315 

459 

March . 

660 

1.339 

April  . 

768 

3. 460 

May . 

1,600 

37 

454 

June . 

1,600 

88 

466 

Julv . 

1,600 

53 

373 

August  . . . 

1,600 

45 

341 

September . . . 

1.600 

35 

328 

October . . . . 

1,600 

394 

4T 

November . . 

1 . 000 

309 

1,314 

© 

©  .• 
>.2 

S  > 

r* 

o 

3 

es 

m 


(5) 


300 

300 

300 

300 

300 

300 


38 

300 

300 

300 

300 

301 


300 

300 

300 

300 

300 

300 

360 


300 

300 

300 

300 

300 


3  V  5s 

N  3 

3  rK  3  • 


104 

300 

300 

395 


3  S  3 

'Ii  „ 

Hit  Sc 


SO 
.ifi’ 

'ci 


tn  © 

a  > 

a's 


M  I 
o  ^ 

3J  7i 

3h 


Oriskany  ai 

cent  creek 

see  River 

per  Table  1 

Upper  Moha’ 
of  Hudson! 

esee  rivers 

per  Table  ] 

H  O 

5.3 

1  -T 

°g 

o*3 

Eh 

Quantity  frc 
River,  colu 
column  (8) 

Column  (9)  ii 

Black  Rive 

rnent  area. 

(6) 

(7) 

(8) 

(«) 

1  (10) 

314 

317 

1.703 

335 

549 

2, 811 

538 

404 

2;  228 

585 

465 

2,551 

689 

4, 076 

528 

665 

3, 509 

440 

454 

2, 434 

632 

500 

2. 743 

399 

267 

1.6(H) 

75 

134 

1,001 

599 

0.37 

96 

102 

845 

755 

0.50 

178 

249 

1)600 

438 

24J 

1  399 

591 

272 

1.607 

431 

261 

1,479 

697 

434 

2, 451 

779 

714 

3,  780 

785 

815 

4 , 365 

109 

156 

1.118 

482 

0.30 

90 

92 

796 

804 

0.51 

106 

160 

1  ,  I06 

464 

0. 30 

103 

206 

1,360 

440 

0.27 

121 

136 

1 . 026 

774 

0. 49 

169 

146 

1.096 

704 

0.43 

706 

411 

2,341 

432 

307 

1,701 

287 

215 

1,177 

1,000 

695 

3.874 

1,055 

622 

3, 536 

1,334 

624 

3, 675 

341 

289 

1,600 

43 

93 

779 

821 

0.52 

65 

83 

738 

862 

0.55 

389 

140 

1,131 

479 

0. 30 

132 

146 

1,033 

567 

0.36 

254 

243 

1.600 

184 

170 

918 

196 

161 

881 

73 

113 

588 

586 

396 

1,723 

626 

804 

4,238 

57 

190 

1,262 

338 

0.22 

41 

84 

732 

868 

0. 53 

34 

68 

649 

951 

0. 60 

37 

110 

858 

742 

0. 47 

32 

76 

691 

902 

0. 56 

34 

77 

695 

905 

0. 58 

146 

259 

1 , 600 

398 

403 

2. 4)18 

142 

316 

1 . 149 

295 

213 

1, 183 

9(H) 

636 

3, 541  1 

1.055 

970 

5, 253 

51 

132 

974 

636 

0. 40 

121 

158 

1.133 

467 

0.39 

73 

93 

791 

819 

0.52 

61 

81 

728 

872 

0. 56 

48 

73 

684 

916 

0. 56 

541 

279 

1,631 

287 

428 

2, 338 

892 
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Table  Nd.  1:54. — Shoiritif /  quantity  of  n-ot>  r  to  be  furnished  by  streams  tributary 
to  proposeil  feeder  line  and  main  canal ,  etc. — ('ontinueil. 


Month. 

t 

4* 

<n«r* 

n 

1 

& 

O  j 

rs 

z  8  a 

-  try 
*•“ 
jj*)  S 

3  5^ 

X 

13 

a  .  , 

A* 

—  A 

*  s£ 

c  £ 

A  S  — 

=  ae 

at  t- 
t  *  * 
► 

i  I 

- 

X 

k 

t£ 

S,  s  s  <  7  < 

9?  c  i  i  . 

5-C  S-i* 

w  an  ^ 

_  S  0  .*  u  0 
■ ;  r  Jii- 
-j*  1- 1  i  a  C  c. 

r  S3  *5  9  .*"* 
>>£-*  =5.:< 

c !  1  i  I* !  * 
o  p 

*  ® 

5  x 

'll 

Wi  ^ 

-  1  - 

*3  o 

J*  1 

if. 

X  - 

as  . 

~cl 

§2  8 

y 

»J3 

i  a 

S  0 

~Z  u 

-:x  ^ 

|  va 

s«  ® 

-=0S  3 

0 

a) 

a) 

(3) 

(4> 

(*) 

t«)  (7) 

(8) 

l9i 

110) 

1807. 

174 

080 

9  is  251 

l.:443 

173 

.104 

235  177 

970 

102 

:is;i 

914  1S4 

1 . 1)91 

Mnr«»h 

581 

1  104 

700  Ml 

3,  ICS 

9»7 

Esso 

44  8>  012 

3  198 

1  tii  ■! 

21s 

1.10)1 

200  44C* 

2,115 

LflOO 

l'»» 

1.  His 

137  343 

1.74s 

1  M*) 

(111 

l,i»ll 

130  310 

1.017 

L  800 

07 

811 

133  050 

1.091 

September  . . 

boon 

♦1 

227 

:*■) 

50  70 

Tio 

■■ 

6.57 

<  )<■)<!>  er . 

!.*«■! 

4)1 

248 

:*•) 

M  so 

792 

878 

0 14 

1.1*1) 

S4 

!<sl 

133 

115  2S7 

l.iin 

ISMS. 

December  . . . 

94) 

1,352 

2s7  413 

2. 913 

....  .... 

42s 

7)*) 

.vm  377 

2. 154 

....  ...  . 

«...  .... 

Whrtimrv  _ 

4:*i 

005 

Ills  .NO 

2.1)13 

mil 

1,090 

81*)  770 

4, 9ti 

A. .HI 

373 

1.  .km 

513  513 

2. 750 

_ 

1  til*l 

94'. 

1.IM2 

377  OH 

8. 136 

Juno  . 

Ltiil) 

Is2 

59  > 

:*■) 

250  214 

1,00 

1:44 

0.08 

July . 

1  ,0m 

00 

253 

:*» 

i:*i  no 

HO  7 

7i  tl 

0  45 

August  ...  . 

l.«») 

170 

5M 

9*1 

24 1  9»i 

1.  424 

170 

0  11 

September 

l.'**> 

IIP 

:17I 

9*1 

150  143 

1,073 

527 

0.33 

Octolwr  . 

1 .  urn 

171 

l  1  4 

141 

9*1  275 

1.1*0 

1  mu 

414 

0)11  4*1 

2  nr.’ 

TaBLF.  No.  1T>. — Shoiruty  ipuintdi/of  iratcr  fab*  furnishetl  by  streams  tributary 
to  itrofsisnl  alternatn'e  tunnel  lint  ami  main  canal,  tt>yct her  trith  the  quantity 
to  /»#  taken  from  Salmon  ami  Black  rii'ers  reservoir,  to  1S!»S,  inclusive. 


Month. 


U 

X 


S 


s-r 


s 


l 


Q 

3 

9 

14 

H 

u 

u  X 
•  mm 

2  i 


/. 


I  u 

i  il 

A  y 

ill 

s  4i 

rt=r 
=  ~  =  i 
:  ;  *- 

z  £  *!Z 

{file 

tSe 

7  5  F- 
u. 


(i) 


«8) 


December 
January ... 
February  . 
March  . 
April 


1*02. 


(3 1 


May .  1.3110 

June  .  1.800 

July .  1.2U0 

August  .  .  1.910 


Septemlier 
October  .. 
November 


1.9*1 

1.200 

1,9*1 


73 

3m 

:wo 

in 


•4 


721 
1.378 
77s 
070 
1.812 
1 .  051 
l«NI 

'.•sT 
Oil 

374 
91s 
039 


1 


1 5  ■ 


JU 

915 

52s 

585 

I  ISO 
52S 
440 
1122 
:Bm 
7*> 
0)1 
178 


« « > 


317 

MO 

4>U 
4  lie 
7»W» 
(MV> 
454 
5m 
2»i7 
134 
Ilf 
240 


1 7 1 


1.332 
2, 302 
1.710 
2.U9> 
3,20)1 
2,  S|4 
1.0S4 
2. 100 
1,9*) 
ss3 
730 
1,9*) 
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Table  No.  135. — Showing  quantity  of  water  to  be  furnished  by  streams  tributary 
to  proposed  alternative  tunnel  line  and  main  canal,  etc. — Continued. 


Month. 


December . 
January... 
February  . 

March . 

April . . 

May . 

June . 

July . . 

August - 

September 
October  .... 
November 


December . 
January ... 
February  . 

March _ 

April  . . 

May . 

June . 

July . 

August _ 

September 
October  ... 
November 


December .. 

January _ 

February  .. 

March . 

April . . 

May . 

June . 

July . 

August 
September 
October  .... 
November. 


December . 
January.... 
February  _ 

March . 

April . 

May . 

June . . 

July  . . . 

August  _ 

September . 
October  .... 
November  . 


December 

January.. 

February 


(1) 


1893. 


1894. 


1895. 


1896. 


1897. 


i , 

CD 

ft 

-P 

© 

© 


0 

O  . 
P *3 
•"*  p 

o 
©  o 

h  © 


0 

C4 

© 

-P 

P 

6 

a 

<1 


w 


(2) 


1,200 

1.200 

1,200 

1.200 

1.200 

1,200 

1,200 


1,200 

1,200 

1,200 

1,200 

1,200 

1,200 

1,200 


1,200 

1,200 

1,200 

1.200 

1,200 

1,200 

1,200 


1,200 

1,200 

1,200 

1,200 

1,200 

1,200 

1,200 


f  3 


: 3  © 

K  CD 


O 

a 

"3 

m 


(3) 


300 

300 

300 

300 

300 

300 


300 

300 

300 

300 

165 


300 

300 

300 

300 

300 

300 

90 


300 

300 

300 

300 

300 

26 


"PS 

c3 

©  a 


©  • 
c 


< 


©KtH  © 

jaW  ,© 

o 

c 

cS  to  _o 
U  ©ft 


Is . 
£ 

ft  a  -p 
P  c4®6 
C3  to ft 


(4) 


340 

465 

405 
692 

1,463 

1,856 

406 
212 
424 
575 
328 
307 


607 

568 

407 

1,234 

930 

638 

585 

267 

209 

156 

307 

.538 


368 

325 

299 

354 

2,011 

574 

235 

191 

329 

222 

222 

705 


912 

587 

392 

1,138 

2,103 

387 

402 

235 

207 

194 

354 

1,117 


579 

335 

327 


®  © 
©CM 

Sc 

© 

O  £ 

•»“»  cc 
ftft 
£ 

U 

r-  ® 

.  ©  o 
>»  ©  © 
a  to  © 
£  ©  ® 

to  ®  © 

n 


(5) 


438 

591 

431 

697 

779 

785 

109 

90 

106 

103 

121 

169 


706 

422 

287 

1,000 

1,055 

l.an 

341 

43 

65 

289 

132 

254 


184 

196 

73 

586 

626 

57 

41 

34 

37 

32 

34 

146 


398 

142 

295 

906 

1,055 

51 

121 

73 

61 

48 

541 

287 


238 

235 

264 


03 

ccro 

'O  a 

ce 
C  os 

J.'O 
©  £ 

.‘Eft 

|  ®  O 
**"  ©  o 

If* 

ft  £  «M 


(6) 


244 

272 

261 

434 

714 

815 

156 

92 

160 

206 

136 

146 


411 

307 

215 

695 

622 

624 

289 

93 

83 

140 

146 

243 


170 

161 

113 

296 

804 

190 

84 

68 

110 

76 

77 
259 


403 

216 

213 

636 

970 

132 

158 

93 

81 

73 

279 

428 


251 

177 

184 


rr  o 
2.  c 
© 
O  ca 

ft'  ® 


to  ® 

P  © 

3  © 

•52 


o  ® 
> 

jS"® 

O 

hi 


(7) 


1,022 
1,328 
1.097 
1,823 
2, 956 
3, 456 
971 
694 
990 
1,184 
885 
922 


1,724 
1,297 
909 
2, 929 
2, 607 
2,596 
1,215 
703 
657 
885 
885 
1.200 


682 

485 

1,236 

3,441 

1,121 

660 

593 

776 

630 

633 

1,200 


1,713 

945 

two 
2,680 
4, 128 
870 
981 
701 
649 
615 
1,200 
1,832 


1,068 

747 

775 


o  ® 

©,© 

U  O 

©  o 

.5  0 

r*P 

Oft 

£ 

S  S 


o 

t-i  o<d 

^  I  0 
ftC'l  o 

5 

d  rH  to 

a  fl  © 


(8) 


229 

506 

210 

16 

315 

278 


497 

543 

315 

315 


79 

540 

607 

424 

570 

567 


330 

219 

499 

551 

585 


44 

o 

5 

§2 
£ 
to  ^ 

©  M 

■Sg 

a  a 

•r",a 

o 

cS 

O 

®  © 
> 

cS 

a 


o 

O 


(9) 


0.14 
0.32 
0. 13 
0. 10 
0.20 
0. 17 


0.32 

0.35 

0.20 

0.20 


0.05 
0.34 
0.39 
0.27 
0. 35 
0.36 


0.21 
0.14 
0.32 
0.35 
0. 36 
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TaM.E  No.  13.’). — .ST homing  i/nantili /  of  water  to  l»  furnished  by  streams  tributary 
to  proposed  alternative  tnuurj  line  amt  main  canal,  etc. — Continued. 


Month. 


v 

3 

s 

u  . 

•2| 

.h  * 
0 


i\) 


l 

— 

z 

0 


i  1 


U 

O  - 


IS 

X  * 
u 

t.4 

i 

2  £ 


(3) 


1*V7. 


Man'll . 

April  . 

Maj  1,90 

June  .  1,311 

1.9<» 
1.9*1 
1,9*1 
1.90 
1.90 


July 
AtitftiM  .... 
September 
th-tober 
November 


ri<*ceinl>er  . 
January 
February. . 

Maron . . 

April 

May  . 

June . 

Jnlj  . 

Autruat _ 

September 

October 

November. 


;»>■ 

:*ii 


1.90 

1,9*> 

1.90 

1.9*1 

1.9» 

1.9*1 

1,9*1 


5  ? 

ta  l 

i£r  * 


a 

—  3 


=:~  t 

T  w. 

k 


z  c 

t  1  “ 

C  *  C  . 

-■uSS 

—  s  -a 


w 

r 

s  e 

8- 

3 

•  a-* 

Pi 

'■'v! 

M 

£ 

•a  ? 
s  r 

is 

2 

♦  5 

P-3 

-  2 

g 

c  ^ 

•a  P 

3 

0  U 

c5 

2 

c  w 

i  c 

0 

a-  b 

-  z 

*  - 
Is 

aS 

■® 

fc. 

9 

>  • 

X-c 

JZ  c 

!  f 

r:  — 

*  s 

5  * 

JS3 

ig 

0 

i  r” 

=  a 

a! 
—  a 

•!  7 
f  b. 

-i  i 

3  •  * 

c  r  u 

-•  Z 

in 

C  0 

w 

w 

3  9 
> 

£  -  * 

=  3  $ 

c.  © 

a2 

a 

s 

► . 

£ 

< 

d 

21  «2 

:**i 

:*«> 

;«*> 

9* 


(4) 

(§) 

<*»> 

(7) 

tco 

7W 

541 

2.276 

1 .  .Mat 

pm 

612 

2,691 

l.M* 

90 

4i  ti 

1.71* 

W4 

1:17 

343 

1,474 

1*0 

i;o 

at 

1.360 

7*2 

133 

650 

1 . 565 

1H6 

56 

7n 

617 

212 

54 

1*0 

Kki 

115 

2*7 

1,20 

1.150 

9<7 

415 

1.852 

til* 

580 

377 

1.614 

56* 

ill* 

2*n 

1.  4*41 

1.7IU 

830 

m 

8,310 

i.  157 

513 

513 

2. 1*3 

022 

377 

4<U 

1.7m 

444 

2511 

214 

1,9*1 

21  li 

i:o 

HO 

761 

42H 

241 

9*1 

1,175 

317 

150 

143 

010 

(Ml 

90 

275 

1.9*1 

773 

mo 

4:0 

1,818 

(*> 

>01 

5*3 

0.  :W 
0.34 

. 

130 

25 

9*1 

0.2* 
ti  00 
0. 1* 

. 

DEEP  WATERWAYS 


895 


Table  No.  136. — Showing  state  of  proj>osed  Black  River  Reservoir  from  month  to 
month ,  1892  to  1898,  inclusive,  with  draft  therefrom  by  the  proposed  alternative 
tunnel  line, as  per  column  ( 8 )  of  Table  No.  185,  and  with  2,200  cubic  feet  per  second- 
going  to  Black  River. 

[Jn  inches  on  the  tributary  catchment  area  of  1,812.2  square  miles.] 


Outgo  from  reservoir. 


Month. 

Run¬ 
off.  In¬ 
flow  to 
reser¬ 
voir. 

Evapo¬ 

ration. 

To 

stream 
2,200 
cubic 
feet 
per  sec¬ 
ond. 

To 

canal. 

Total 

outgo. 

Ex- 

cess. 

Defi¬ 

ciency. 

In  res¬ 
ervoir 
at  end 
of 

month. 

W  as  ted 
from 
reser¬ 
voir. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(~) 

(8) 

(9) 

(10) 

1892. 

December  . . 

2. 27 

0.06 

1.  40 

1.45 

0.  82 

0.82 

January . . . 

4. 83 

0.02 

1.40 

1.42 

3.41 

4.23 

February . 

9  OO 

0.03 

1.26 

1.29 

0. 93 

5. 16 

March  . _  . . .  . 

2. 80 

0.(16 

1.40 

1.46 

1.34 

6.50 

April . . . . 

5.35 

0. 11 

1.35 

1.46 

3.89 

10. 39 

May . 

5.03 

0.14 

1.40 

1.54 

3. 49 

13.50 

0.38 

June . 

3.08 

0.18 

1.35 

1.53 

1.55 

13. 50 

1.55 

July . 

2.38 

It.  24 

1.40 

1.64 

0.  74 

13. 50 

0.74 

1.41 

0. 19 

1.40 

1.59 

0. 18 

13. 32 

September . _ . 

1.  10 

0. 17 

1.35 

0.  20 

1.72 

0.62 

12. 7o 

October  . . 

0.72 

0. 11 

1.  40 

0.30 

1.81 

1.09 

11.61 

November  . . 

1.89 

0.06 

1 . 35 

1.41 

0. 48 

12. 09 

Total . . 

33.08 

1.36 

hi.  4*> 

0.50 

18. 32 

. 

1.89 

. 

2. 67 

1893. 

December . 

1.03 

0. 05 

1.40 

1.45 

0.43 

11.67 

January . - 

0.82 

0.02 

1.40 

1/42 

0. 60 

11.07 

February . 

1.09 

0.03 

1.26 

1.29 

0.20 

10. 87 

March  - . - . 

2.11 

0.06 

1.40 

1.46 

11.52 

April  . 

4.44 

0.11 

1.35 

1.46 

2.98 

13.50 

1.00 

May  . . . 

5.71 

0. 13 

1.40 

1.53 

4.18 

13.50 

4.18 

June  . 

1.19 

0. 18 

1.35 

0. 14 

1.67 

0. 48 

13. 03 

July . . 

0. 65 

0.23 

1.40 

0.32 

1.95 

1.30 

11.72 

1 . 28 

0.20 

1.40 

0. 13 

1.73 

0. 45 

11.27 

September . . 

1.70 

0.12 

1.35 

0.10 

1.57 

0. 13 

11.40 

0. 99 

It.  11 

1.40 

0.20 

1.71 

o.  73 

10.68 

N ovember  . _ . 

0.90 

0. 06 

1.35 

0.17 

1.58 

. 

0.68 

10.00 

— 

Total _ 

21.91 

1.30 

16.46 

1.06 

18.82 

5.18 

1894. 

December _ 

1.85 

0. 05 

1. 40 

1 . 45 

0.  40 

10.40 

January . .  .  . 

1.  73 

0.02 

1.40 

1.42 

0. 31 

10. 71 

February. . . 

1.12 

0.03 

1.26 

1.29 

0.17 

10. 54 

March . . . . 

tJ  78 

0.  06 

1.40 

2.32 

12.86 

April  . - 

2.76 

0. 10 

1.35 

1.45 

1.31 

13.50 

0.67 

May  . . . 

1.94 

0. 13 

1.40 

1 . 53 

0.41 

13.50 

0.41 

J  une . . . 

1.76 

0. 14 

1 . 35 

1.49 

0.27 

13.50 

0.27 

0.81 

0.21 

1.40 

0.3.3 

1.93 

1.12 

12.38 

August . 

0. 63 

0. 25 

1. 40 

0. 35 

2.00 

1.37 

11.01 

September . — 

0.47 

0.14 

1.35 

0.20 

1.69 

_ .... 

1  22 

9.79 

0.94 

0. 10 

1.40 

0. 20 

1.70 

o.  76 

9.03 

1.58 

0.05 

1.35 

1.40 

0.18 

9.21 

19. 37 

1.28 

16.46 

1.07 

18.81 

1.35 

1895. 

1.12 

0.05 

1.40 

1.45 

0.33 

8. 88 

January  _ _ _ _ 

0.99 

0.02 

1.40 

1.43 

0. 43 

8.  45 

February . . . 

0.82 

0. 03 

1.26 

1.29 

0. 47 

7.98 

March 

1.08 

0.06 

1.40 

1.46 

0.38 

7. 60 

April _ _ _ _ _ 

5.91 

0.10 

1.35 

1.45 

12.06 

1.76 

0.12 

1.40 

0*05 

1.57 

0. 19 

12. 25 

June . __ . 

0.70 

0.20 

1.35 

ii.  34 

1.89 

1.19 

11.06 

July  . 

li.  66 

0. 21 

1.40 

0 

2.00 

1.34 

9. 72 

1.00 

0.19 

1.40 

0.27 

1.86 

0.86 

8.86 

0  65 

0.19 

1.35 

0.35 

1.89 

1  24 

7.62 

II  69 

0.12 

1.40 

0. 36 

1.88 

1.19 

6.  43 

November  . . 

2.08 

0.04 

1.35 

1.39 

0.69 

7.12 

17.46 

1.33 

19.55 

1896. 

December 

2.  79 

0.04 

1.40 

1.44 

1.35 

8.47 

January  . 

1.74 

0.02 

1.40 

1.42 

0.32 

8. 79 

_ _ 
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Tabu.  No.  18(5. — Slmuiin/  state  of  pro/tosol  Mark  Hirer  Reservoir  from  month  t<> 
month,  IS'* a  to  isus,  inclusive ,  etc. — Continued. 


Outgo  fruiii  ri'M'rviiir 


Month. 

Run 

otr  in 
fll IW  t. . 
reser¬ 
voir. 

EVH|K> 

ration 

To 

stream 
2.S0 
cubic 
f«  t 

|x*r  sec¬ 
ond. 

To 

(■Anal. 

Total 
out  140. 

1  -\ 
cem. 

Dell- 

cioncy. 

In  res¬ 
ervoir 
at  end 
of 

month. 

Waited 

from 

rewr* 

voir. 

(1) 

(2) 

(3| 

1 

l6. 

<«> 

(7) 

<8> 

(01 

(10) 

1800. 

February . 

1 1* 

11  it* 

1  2« 

1  2M 

0.  Ill 

m  iia 

March  . 

a  in 

11  id 

1  4<i 

1  44 

2  ia; 

in  no 

Ajirtl . 

«  si 

0.  Ill 

1 .35 

1  45 

4  75 

13.50 

1. 04 

May  . 

1  is 

11  211 

1  4ii 

0  21 

1  «1 

0.  113 

12  h: 

•Tune  . . . 

1  1“ 

li  -JO 

1.35 

0  14 

1  ISO 

0  51 

12  30 

July  . . . 

0  72 

n  17 

Mo 

0  :t: 

1  MU 

1  17 

II  10 

August  .  . 

n  03 

0  l» 

1  40 

n  35 

1  03 

1  8U 

0  M0 

0. 71 

11  |2 

1  35 

0. 30 

1  SI 

1  12 

OctoWr  . 

1.05 

11  tt> 

1  4n 

1  4M 

0  || 

M  34 

November . 

2.  m2 

(1  HR 

1  85 

1  40 

1  42 

0  7tl 

Total . 

21  03 

1  21 

lit  b. 

1  3M 

10.16 

1  04 

1mo7. 

December . 

1  77 

nir, 

1  40 

1  45 

o.:t* 

111.  IK 

lit  unary  . 

1  .08 

11  u> 

1  40 

1  42 

0  :to 

;•  >.!( 

February  . 

li  l«i 

n  id 

1  30 

1  20 

11  ao 

0  an 

Mitivh  . . 

4.07 

11  117 

1  40 

1  47 

2  00 

11  90 

April . 

5.  44 

11  in 

1  85 

1  45 

.  w 

13  50 

2  30 

May  . 

4  1*7 

n  i:i 

i  40 

1  53 

a  44 

13  .'ill 

3  44 

.Ill  111* . 

1  74 

11  in 

1  35 

1  54 

0  20 

13  .Ml 

0  SI 

July  . 

0  ;i 

11  17 

1  40 

1  57 

II  M3 

12  il7 

1  44 

11  211 

1  40 

1  tui 

11.  in 

12  51 

(It* 

0  1" 

1  35 

11  :in 

1.  MO 

1  21 

11  :»• 

0  06 

0  12 

1  40 

(I  .14 

1  Mil 

1  21 

|o  id 

2  ,Vl 

11  ik"> 

1  :<5 

1  to 

1  in 

11  15 

Total . 

25  til 

1  31 

lit  4*1 

0.70 

Im  47 

0.(0 

1MMM. 

December . 

3  17 

11  114 

1  4o 

1  44 

1  71 

12  Us 

January  . 

2  :r. 

u.  it: 

1  40 

1  42 

0  03 

13  50 

0.41 

February  . 

2.24 

n  04 

1  St 

1  an 

II.  04 

1  :  50 

am 

n  lit 

II  HR 

1  40 

1  441 

5. 17 

13  50 

5  17 

Ajiril  . 

:i  20 

0  18 

1  35 

1  4M 

1  72 

I  t  50 

1  72 

May  . 

2  S'. 

n  i.i 

1  4<i 

1  55 

0  70 

13  5n 

0.  70 

June . 

1  111 

n  SI 

1  :I5 

1.5M 

11  4a 

13  07 

July . 

n  *7 

1.  at 

1  40 

1)  2S 

1  04 

1.07 

12  mi 

August  . . 

1  n; 

0  in 

1  40 

0  fl2 

1  HI 

(1.14 

1  MU 

September .  . 

1  ie 

0. 15 

1  35 

II  1M 

1  IlM 

0  mi 

111  Ml 

i lotolier .  . .  . . 

2  in 

11  HI 

1  40 

1  50 

0. 00 

11  4*1 

November . 

2  m 

O.U0 

1.35 

1  41 

1  2M 

12.  73 

. 

Total . 

S'  Mil 

1.4a 

111  4*1 

(1.  4M 

1m  37 

M.  04 

Referring  j,,  Table  N<».  1J4,  showing  quantity  of  water  to  be  fur¬ 
nished  by  streams  tributary  to  the  proposed  feeder  line  and  main 
eanal,  together  with  the  quantity  to  l»e  taken  from  Black  River,  IS!*!* 
to  is; is,  inclusive,  it  is  shown  in  eolumn  ('.*)  that  in  18!»i*  water  would 
only  have  been  taken  from  Black  River  reservoir  to  the  mean  amount 
of  .')!!!»  cubit*  feet  per  second  in  September  and  7*>‘>  cubic  feet  per  sec¬ 
ond  in  October.  In  ls'.KJ  the  tabulated  quantities  are:  June,  482  cubic 
feet  per  -eeond;  July ,  Si d  cubic  feet;  August,  4*>t  cubic  feet ;  Sep¬ 
tember,  440  cubic  feet;  October,  774  cubic  feet;  and  November,  7<>4 
cubic  feet  per  second.  In  lsji4  the  quantities  are:  July,  821  cubic 
feet  per  second;  August,  S(i2  cubic  feet;  September,  47!*  cubic  feet; 
and  October,  A ♦  J 7  cubic  feet  per  second.  In  1895  the  quantities  are: 
.May,  338  cubic  feet  per  second;  June,  sr.s  cubic  feet;  July,  051  cubic 
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feet;  August,  742  cubic  feet;  September,  902  cubic  feet;  and  Octo¬ 
ber,  905  cubic  feet  per  second.  In  1896  the  quantities  are:  May,  626 
cubic  feet  per  second;  June,  467  cubic  feet;  July,  819  cubic  feet  per 
second;  August,  872  cubic  feet;  and  in  September,  916  cubic  feet 
per  second.  In  1897  the  quantities  are:  September,  900  cubic  feet 
per  second,  and  October,  878  cubic  feet  per  second.  In  1898  the 
quantities  are:  June,  134  cubic  feet  per  second;  July,  703  cubic  feet; 
August,  176  cubic  feet,  and  September,  527  cubic  feet  per  second. 

The  question  may  with  propriety  be  asked,  if  the  foregoing  monthly 
quantities  are  all  that  is  to  be  taken  from  l!lack  River  reservoir,  why 
a  feeder  line  carrying  from  1,000  to  1,600  cubic  feet  per  second  has 
been  designed.  The  answer  is  (1)  that  the  water  supply  of  any  ship 
canal  of  the  magnitude  of  that  now  under  discussion  must  be  abso¬ 
lutely  beyond  question.  Table  No.  133,  giving  the  computed  outgo 
of  Salmon  River  reservoir,  shows  that  under  the  actual  conditions  of 
run-off  for  the  years  1892  to  1898,  inclusive,  there  would  have  been 
left  in  that  reservoir — with  an  outgo  of  300  cubic  feet  per  second, 
from  May  to  November,  inclusive — at  the  end  of  the  month  of  Novem¬ 
ber,  1895,  5.19  inches  on  the  catchment  area.  An  accidental  stoppage 
of  the  feeder  to  north  of  Salmon  River  for  even  a  few  days  in  1895 
would  have  exhausted  this  surplus,  requiring  a  draft  of  the  300  cubic 
feet  per  second  which  Salmon  River  reservoir  is  tabulated  to  furnish 
from  Black  River  reservoir,  thus  increasing  the  quantities  of  column 
(9)  of  Table  No.  134  by  300  cubic  feet  per  second,  and  immediately 
bringing  us  for  the  maximum  months  (as,  for  instance,  September 
and  October,  1895)  to  and  above  the  1,100  cubic  feet  per  second  which 
the  main  section  of  the  feeder  between  Sandy  Creek  and  Kasoag 
ponds  is  nominally  designed  to  carry.  At  this  point  of  the  argument 
the  question  may  be  further  raised,  is  the  water  supply  as  here 
designed  absolutely  beyond  question  so  long  as  it  appears  necessary 
to  provide  for  the  contingency  of  any  interrupt  ion  to  north  of  Salmon 
River?  To  t  his  proper  question  the  answer  is,  that  the  length  of  arti¬ 
ficial  channel  from  Salmon  River  (station  2658+50)  to  Upper  Kasoag 
pond  (station  2840)  is  only  3.44  miles.  This  section  of  the  canal  is 
laid  through  swamp,  where  there  is  no  conceivable  possibility  of  inter¬ 
ruption  from  breaks  or  the  ordinary  accidents  of  operation  of  such  a 
channel.  There  are  no  high  dams  to  give  way,  and  the  Salmon  River 
dam  (No.  47)  is  founded  on  rock  and  designed  with  such  liberal  factor 
of  safety  as  to  be  beyond  the  possibility  of  any  accident  except  an 
earthquake,  proper  construction  being  assumed.  From  Kasoag  ponds 
to  where  the  feeder  leaves  West  Branch  of  Fish  Creek  (station 
4297+70),  for  a  distance  of  27.61  miles,  the  feeder  water  flows  through 
the  valley  of  West  Branch,  where  it  is  entirely  beyond  the  mutations 
of  accident.  From  station  4297  +  70  to  Dam  No.  63  (station  4560+80) 
the  construction  must  necessarily  be  of  the  most  permanent  character. 
As  already  stated,  there  is  no  reason  why,  with  such  construction,  this 
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section,  while  somewhat,  expensive,  can  not  be  made  safe.  From  sta¬ 
tion  4577+40  to  point  of  junction  with  main  ship  canal  summit  level 
at  station  489*5+70  there  is  no  reason  to  assume  the  possibility  of  any 
accident  to  feeder.  The  argument  appears  clear,  therefore,  that  a  full 
water  supply  may  always  be  delivered  from  Salmon  River  to  the  main 
summit  level,  whatever  may  happen  to  the  north  of  that  stream.  The 
broad  proposition  is  that  the  comparatively  small  length  of  artificial 
feeder  between  Salmon  River  and  the  main  summit  level  is  an  abso¬ 
lute  guaranty  of  safety. 

Moreover,  there  is  no  reason  to  suppose  that  t  he  upper  section  from 
Carthage  to  Salmon  River  is  subject  to  greater  mutations  than  the 
section  south  of  Salmon  River.  Kven  though  the  tipper  section  is 
required  to  carry  at  times  considerable  flood  flows,  it  is  believed  that 
the  design  has  been  worked  out  on  sufficiently  broad  lines  to  permit 
of  carrying  such  without  accident.  The  Salmon  River  reservoir  is, 
therefore,  in  effect,  a  double  insurance. 

Further,  as  to  the  capacity  of  the  feeder  from  Carthage  to  Kasoag 
summit,  it  may  lie  remarked  that  while  the  several  computations 
herewith  submitted  are  all  based  on  the  actual  run-off  record  of 
1 1 udson  River  for  t he  years  stated  —  1892  to  1898,  inclusive — nevert bo- 
less  we  have  no  guaranty  that  this  series  of  years  does  actually 
include  the  year  of  minimum  run-off.  Indeed,  when  we  study  the 
meteorology  of  central  and  northern  New  York  broadly,  as  exhibited 
in  detail  in  Tables  Nos.  20  to  118,  inclusive,  it  appears  very  certain  that 
this  record  does  not  include  the  absolute  minimum  year.  It  is  evi¬ 
dent  there  has  been  some  year  in  the  past,  and  must  inevitably  lie 
some  year  in  the  future,  when  the  yield  of  streams  tributary  to  sum¬ 
mit  level,  lllack  River  feeder,  and  Salmon  and  Hlack  rivers  reservoirs 
will  be  less  than  in  I  Si* which  is  the  minimum  year  of  the  series  here 
used.  On  Hudson  River,  with  a  minimum  run-off  in  the  water  year 
1895  of  17.4*5  inches  for  the  whole  year,  the  rainfall  for  that  year  was 
l M*t  ween  .'5*5  and  -'57  inches.  In  ease  the  rainfall  of  Hudson  River  catch¬ 
ment  area  should  ever  sink  as  low  as  30  inches  for  a  water  year,  we 
may  expect  a  total  run-off  for  that  year  of  between  9  and  10  inches. 
On  Oenesee  River  we  have  actually  had,  in  1895,  fora  rainfall  of  31 
inches,  a  run-off  of  only  *5. *57  inches.  As  the  result  of  extensive 
studies  of  the  hydrology  of  New  York  State,  it  is  the  author’s  opinion 
that  should  rainfall  of  northern  plateau  (as  it  is  believed  it  will)  fall  to 
about  3**  inches,  and  such  low  precipitation  be  at  all  general  through¬ 
out  tin*  catchment  areas  tributary  to  deep  waterways,  the  tributary 
streams  from  Trout  Rrook  south,  including  west  and  east  branches  of 
Fish  Creek,  Salmon  River,  Oriskany,  and  adjacent  creeks,  upper 
Mohawk  and  other  tributary  streams  would  lie  nearly  dry,  necessitat¬ 
ing  for  periods  of  from  sixty  to  ninety  days  of  such  year,  aside  from 
the  water  furnished  by  Salmon  River  reservoir,  that,  substantially  the 
entire  water  supply  of  deep-waterways  summit  level  must  be  taken 
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from  Black  River  reservoir.  It  is  from  this  point  of  view  that  Black 
River  reservoir  has  been  designed  on  such  liberal  scale  as  to  leave 
therein  in  1895,  at  the  end  of  November,  a  storage  of  5.26  inches  on 
the  catchment  area.  This  quantity  is  believed  to  be  no  more  than 
sufficient  to  safely  tide  over  the  minimum  dry  year,  which  sooner  or 
later  will  certainly  arrive.  For  perfect  safety  about  that  quantity 
of  water  must  (however  liberal  the  flow  of  wet  years)  be  held  in  store 
as  a  reserve  against  the  year  of  extreme  minimum  flow.  It  follows, 
therefore,  that  the  dimensions  of  the  feeder,  as  here  proposed,  are 
conservative. 

The  author  has  assumed  in  this  design  that  the  subject  must  be 
treated  broadly  and,  in  view  of  the  magnitude  of  the  interests  involved, 
that  ordinary,  small  economies  are  not  permissible. 

Reference  has  already  been  made  to  Table  No.  134,  showing  quan¬ 
tity  of  water  to  be  furnished  by  streams  tributary  to  proposed  feeder 
line  and  main  canal,  together  with  the  quantity  to  be  taken  from 
Black  River,  1892  to  1898,  inclusive.  We  will  now  consider  this  table 
in  detail: 

Column  (2)  gives  the  assumed  total  quantity  required  of  1,600  cubic 
feet  per  second,  the  assumption  being  that  for  the  month  of  April  the 
tributary  streams  will  always  furnish  the  required  quantity;  column 
(3)  gives  the  quantity  to  be  furnished  by  streams  to  north  of  Trout 
Brook,  as  per  Table  No.  4;  column  (4),  quantity  furnished  by  Trout 
Brook  and  streams  to  south,  as  per  Table  No.  8;  column  (5),  the 
amount  from  Salmon  River  reservoir;  column  (6),  the  amount  from 
Oriskany  and  adjacent  creeks  based  on  Genesee  River  data,  as  per 
Table  No.  3;  column  (7),  the  amount  from  upper  Mohawk,  as  based 
on  a  mean  of  Hudson  and  Genesee  rivers  data,  as  per  Table  No.  9. 
Column  (8)  gives  the  total  of  columns  (3)  to  (7),  inclusive,  or  the  total 
amount  which  may  be  expected  from  the  indicated  streams  in  each 
month;  column  (9)  shows  the  mean  quantity  in  cubic  feet  per  second 
to  be  taken  in  any  month  from  Black  River,  being  the  difference  of 
columns  (2)  and  (8),  and  column  (10)  gives  column  (9)  in  inches  on 
Black  River  catchment  area  for  use  in  Table  No.  131,  showing  state 
of  proposed  Black  River  reservoir  from  month  to  month,  1892  to  1898, 
inclusive,  with  draft  therefrom,  as  per  column  (10)  of  the  previous 
table,  and  with  2,200  cubic  feet  per  second  going  to  Black  River. 

Column  (2)  of  this  table  gives  the  run-off,  as  per  Hudson  River 
data,  for  each  month,  which  equals  inflow  to  reservoir,  the  assumption 
being,  as  stated  on  a  previous  page,  that  Hudson  River  data  apply  to 
Black  River.  The  outgo  from  reservoir,  consisting  of  evaporation, 
amount  to  stream  of  2,200  cubic  feet  per  second,  and  amount  to  canal 
is  shown  by  columns  (3),  (4),  and  (5),  the  total  outgo,  or  sum  of 
columns  (3),  (4),  and  (5),  being  given  in  column  (6).  Columns  (7) 
and  (8)  show  the  excess  and  discrepancy  figures,  as  already  described 
in  discussing  Table  No.  133,  applying  to  Salmon  River  reservoir. 
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( "ol ii in ii  ('.»)  gives  the  aim  nut  in  reservoir  ai  tin*  cml  of  each  month, 
ami  column  (10)  the  amount  wasted  from  reservoir  in  any  given 
month,  t'ohimn  (11)  gives  the  elevation  of  water  surface  in  reser¬ 
voir  at  the  end  of  each  month,  and  column  (111)  the  cubic  contents  of 
reservoir  at  the  end  of  each  month  in  cubic  feet.  Aside  from  columns 
(II)  and  (12),  tin*  balance  of  this  table  is  computed  in  inches  on  tin* 
tributary  catchment  area  of  1,812.2  square  miles.  The  general 
method  of  computation  of  these  tables  is  believed  to  be  so  plain  as  not 
to  require  further  explanation. 

The  location  of  highway  bridges,  guard  gates,  ami  changes  of  high¬ 
way  are  shown  on  the  maps.  Highway  bridges  have  been  estimated 
as  substantial  steel  structures  designed  to  carry  a  uniform  load  of  75 
pounds  per  square  foot  and  a  concentrated  load  represented  by  a 
la-ton  steam  road  roller,  and  with  substantial  masonry  abutments. 

(iuard  gate  No.  1  is  located  at  station  .'Us,  just  west  of  the  Town¬ 
send  brook  pond,  at  a  distance  of  d.2  miles  front  Carthago.  The 
clevat  ion  of  surface  of  canal  at  gate  is  721.3  feet.  The  natural  catch¬ 
ment  area  above  gate  and  tributary  to  the  canal  at  that  point  is  10.1 
square  miles. 

(iuard  gate  No.  2  is  located  on  the  west  side  of  highway  at  station 
7U>.  The  elevation  of  water  surface  at  gate  is  7 1  .*>. !*  feet.  One  thou¬ 
sand  five  hundred  feet  above  there  is  a  waste  way  1<H»  feet  long.  The 
catchment  area  lietween  gates  Nos.  1  and  2  is  7. 8  square  miles. 

(into  No.  3  is  located  in  north  side  of  highway,  as  changed,  at  sta¬ 
tion  140.-,,  a  short  distance  l>elo\v  Sandy  Creek  pond.  The  tributary 
catchment  area  of  Sandy  Creek  above  this  gate  is  100.4  square  miles, 
controlled  by  the  long  spillway  of  Dam  No.  N,  already  described. 

(iuard  gate  No.  4  is  at  highway  at  station  lads,  just  lielow  south 
branch  of  Sandy  Creek.  The  ordinary  water  surface  of  pond  above 
Dam  No.  !•  is  (157.3.  The  movable  crest  of  this  dam  is  to  be  set  at 
elevation  G57.8;  hence  with  gate  closed,  the  water  may  be  expected  to 
stand  at  t  hat  level.  The  t  rihutary  catchment  area  1  w*t  ween  gates  Nos. 
3  and  4  is  44.4  square  miles.  The  flood  flows  will  be  relieved  by  a 
a  waste  way  at  Dam  No. 

(iuard  gate  No.  a  is  located  at  highway  at  station  1041*,  just  below 
Loraine  brook  and  Deer  Creek.  There  is  a  waste  way  2oo  feet  long 
on  Deer  Creek  2, dm  feet  above  gate  location.  There  is  no  spillway 
at  Dam  No.  12  on  Loraine  brook,  the  design  being  that  flood  water 
from  this  stream  pass  back  through  the  short  ridge  of  canal  connect¬ 
ing  Loraine  brook  with  I)eer  Creek,  relieving  itself  at  spillway  of 
Dam  No.  11.  The  ordinary  water  surface  at  gate  No.  5  is  about  (155.0 
feet,  that  licing  the  elevation  of  pond  on  Loraine  Creek.  The  tribu¬ 
tary  catchment  area  between  gates  Nos.  4  and  5  is  31. d  square  miles. 

(iuard  gate  No.  G  is  located  at  highway  at  station  2141,  about  9.25 
miles  below  gate  No.  5  and  1,800  feet  below  waste  way  at  Dam  No.  2:» 
oil  Little  Sandy  Creek,  where  there  is  to  be  a  waste  way  1*0  feet  long 
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The  ordinary  water  surface  at  gate  No.  G  is  648. 6  feet.  The  tributary 
catchment  area  between  gates  Nos.  5  and  6  is  40.7  square  miles. 

Guard  gate  No.  7  is  located  at  station  2660  at  highway  just  south 
of  Salmon  River,  at  a  distance  from  gate  No.  6  of  9.8  miles.  The 
elevation  of  water  surface  is  639.1  feet.  The  long  spillway  of  Salmon 
River  dam,  No.  47,  will  afford  relief  for  tributary  drainage  above  the 
gate. 

Guard  gate  No.  8  is  located  at  Station  4446,  just  below  East  Branch 
of  Fish  Creek,  where  the  water  surface  is  432.5.  The  long  spillways 
on  the  two  branches  of  Fish  Creek  at  Rams  Nos.  54  and  57  affords 
relief  for  the  large  tributary  area  above  these  gates. 

Guard  gate  No.  9  is  located  at  highway  at  Station  4882,  where  the 
water-surface  elevation  is  415.0.  It  controls  the  flow  from  the  feeder 
into  the  summit  level,  the  tributary  drainage  being  relieved  by  the 
spillway  at  Dam  No.  66. 

The  guard  gates  are  to  be  of  the  Stoney  pattern,  with  clear  open¬ 
ings  of  30  feet  and  with  depths  of  from  10  to  20  feet,  depending  on 
section  of  canal  at  the  several  points  where  the  guard  gates  are 
located,  and  with  substantial  abutments  of  masonry.  By  locating 
the  guard  gates  at  highways  where  bridges  are  required,  the  conse¬ 
quent  construction  of  the  abutments  of  the  bridges  in  connection  with 
the  gate  masonry  will  lead  to  considerable  economy  of  masonry.  They 
are  all  located  immediatelv  on  rock  in  the  bottom  of  the  canal,  except 
Nos.  7,  8,  and  9.  At  No.  7  the  rock  is  about  10  feet  below  the  bottom 
of  the  canal;  at  No.  8  it  is  probably  deep,  and  a  timber  or  plank  foun¬ 
dation  will  be  required;  at  No.  9  the  indications  from  the  main  ship- 
canal  boring  made  in  the  vicinity  are  that  rock  may  be  expected  to  be 
found  at  a  depth  of  from  28  to  30  feet.  In  addition  to  checking  flood 
flows  and  diverting  the  same  over  wasteways,  another  important  fea¬ 
ture  of  the  guard  gates  will  be  to  hold  the  channel  nearly  full  of  water 
at  times  when  no  water  is  being  taken  from  Black  River.  They  will 
also  be  necessary  for  regulating  volume  of  flow. 

From  Carthage  to  Sandy  Creek  the  rock  excavation  is  entirely  in 
Trenton  limestone,  and  from  Sandy  Creek  to  about  Station  2320,  in 
the  shales  of  the  Hudson  and  IJtica  groups,  the  chief  development 
being  that  known  as  Loraine  shale.  South  of  Station  2320  the  rock 
may  be  classed  as  the  sandstones  of  the  Oswego  group,  there  being 
possibly  small  patches  of  either  the  Oneida  or  Medina  group  which 
appear  throughout  the  adjacent  region. 

As  shown  by  the  profile,  the  feeder,  generally  speaking,  has  been  so 
designed,  except  where  valleys  are  crossed,  as  to  throw  Ihe  ordinary 
flow  line  below  the  natural  surface.  In  order  to  show  the  main  char¬ 
acteristics  with  reference  to  whether  the  full  depth  of  cutting  is  in 
rock,  or  partly  in  rock  or  in  earth,  and  whether  the  channel  is  natural 
or  artificial,  the  following  tabulation  has  been  prepared  which,  it  is 
believed,  when  taken  in  conjunction  with  the  foregoing  description, 
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will  give  all  necessary  information  a«  to  the  main  characteristics  of 
this  feeder  canal : 

Characteristic*  of  feeder . 
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Ch  aract  eriaftcs  of  feeder— Con  tinned. 
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SUMMARY. 

Per  cent. 


Length  of  ponds  and  streams  (288,100  feet) .  47.61 

Length  with  rock  as  high  as  surface  of  water  (77,200  feet) .  15. 77 

Length  witli  rock  bottom  and  partly  on  side  (46,800  feet) .  8.95 

Length  in  earth  cut  (135,400  feet) . . . .  27.67 


Total  length  of  feeder  (489.500  feet) . .  ..  100.00 

Total  length  in  tine  sand,  26.900  lineal  feet. 


'I'lio  region  through  which  tin*  Black  River  feeder  line  i.s  located  is 
about  midway  of  the  long  slope  from  the  highlands  of  Jefferson, 
Lewis,  Oswego,  and  Oneida  counties  to  Lake  Ontario,  and  is  exposed 
to  severe  west  winds  constantly  sweeping  from  that  body  of  water. 
On  this  account  it  was  assumed,  at  the  beginning  of  the  study,  that 
some  allowance  should  be  made  for  friction  of  air  upon  surface  of 
water  in  the  feeder,  not  only  because  of  high  velocity  of  flow  therein, 
but  because  of  broad  water  surfaces.  'Flu*  fundamental  formula 

r=c  V  r  * 

has  l>een  used  for  all  the  computations.  In  order  to  allow  for  retard¬ 
ing  effect  of  severe  winds  of  this  region,  which  at  times  continue  for 
several  days,  the  computations  were  originally  based  upon  a  value  of 

_ A _ 

~ y>4-  4  of  exposed  air  surface. 

On  further  study  it  was  decided  to  make 

A 

/>+  1  of  exposed  air  surface, 

and  accordingly  a  reduction  from  Ihe  computed  quantities  lias  been 
made  of  1,O0o,(hh)  cubic  yards  of  earth,  50,000  cubic  yards  of  Trenton 
limestone,  and  50,000  cubic  yards  of  shale,  in  order  to  allow  for  the 
resulting  reduction  of  cross  sections. 

We  have  in  the  following  taluilat  ion  the  characteristics  of  the  cross 
sections  as  made  on  the  basis  or 


A 

'  |  of  exposed  air  surface. 

The  sections  drawn  upon  the  protile  agree  with  the  figures  as  per  this 
tabulat  ion. 
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Black  River  feeder — Cha  racteristics  of  cross  sections  adopted. 
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'19.2. 


640 


7.93 


.035 


1  7.5 

36.6 

745 

6.39 

j 

87.50 

to 

640 

7.93 

A 

346 

.035 


745 


6.39 


.035 


87.50 


61 


66 


64 


61 


64 


61 


1  Wetted  surface +£  of  air 
surface. 

c 

~  0.00281  \ 
1  +  (41.66+  s  ) 

n 

Vr 

Q — 

cubic  feet  per  second. 

Serial 

number. 

Station. 

s 

A 

V 

n 

c  . 

V 

Q 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

0-18 

.000192 

740 

6. 60 

.  035 

61 

2.17 

1,606 

1 

o 

74- 

20-81 

.000192 

640 

7.93 

.035 

64 

2.49 

1,594 

2. 13 


4.74 


2.49 


1,604 


1 . 594 


1,594 


2. 14 


1,594 


2.49 


2.14 


1.594 


1.594 
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Black  Hirer  fader — Characteristic*  of  cross  sections  adopted — Continued. 


Serial 

number. 

(D 


10 


11 


12 


13 


14 


ir> 


IB 


Station. 

(2) 

318-412 


412-626 


670-7(4 


776-77* 


7*0- two 


800-flBO 


l  ew  i;s« 


law  1424 


(3) 


.onone 


.onoi34 


;  a 

r 

{  4 

(5) 

660 

7.40 

O 

CM 

28 

040 

8.00 

O 

CM 

32.0 

738 

8.48  | 

(fi) 


.  <rv, 


,mr» 


(«r> 


<0 


*t!  .0 


.  000134  846  C  W  (Hi 


(7) 


001136 


.iniiic 


UUI188 


316 

6.43 

00 

175 

630 

m 

7 

.84 

00 

35.5 

406 

0.87 

(fil 


.  ((16 


.(06 


43 


(t* 


(4 


66 


63 


66 


64 


62 


.085  60 


(•) 

2. 66 


2.60 


2. 1W 


1.02 


6.10 


2.60 


1.0* 


Q 

<») 

1.601 


l.»» 


1.617 


1.624 


l.tsie 


1.600 


1,114 


1.116 
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Black  River  feeder — Characteristics  of  cross  sections  adopted — Continued. 


17 


18 


19 


20 


21 


23 


24 


1562-1596 


1604-1640 


1646-2050 


2052-2074 


2084-2092 


2094-2266 


2268-2:384 


.000192 


.000192 


.000192 


Serial 

number. 

Station. 

s 

A 

r 

(1) 

(2) 

(3) 

(4) 

(5)  , 

1426-1514 

.000192 

495 

6.87 

48 


18 


*o 


580 


5.37 

83 


33 


495 


6.87 


48 


U") 


13 


(6) 

.oa5 


.035 


495 

6.87 

4 

5 

.035 


.035 


(7) 


62 


59 


(81 

2.25 


1.89 


62 


59 


59 


62 


2.25 


1.89 


2.25 


1.94 


1.96 


2.25 


Q 

(9) 

1,1H 


1,099 


1,114 


1,099 


1,114 


1,125 


1.117 


1,114 
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Black  Hirer  f cater — Characteristics  of  cross  sections  adopted — Continued. 


Serial 

1  number. 

Station. 

* 

A  r 

n 

c 

V 

Q 

(1) 

(3) 

(4)  (ft) 

on 

l") 

(8) 

<») 

S*»V-2H40 

. onoiut 

5H0  |  A.  37 

.085 

59  > 

1.89 

1,089 

3  3 

St 

o 

^  -  33 

CSftMNXrt 

.onoise 

03)  |  5.53 

.035 

1.98 

1.211 

86 

o 

-  38 

r 

We  will  now  consider  evaporation  and  percolation  losses  on  feeder 
line,  first  considering  separately  the  section  from  Carthage  to  Sandy 
Creek  (Dam  No.  s).  On  this  section  the  excised  water  surface, 
including  feeder  channel  and  ponds,  may  be  taken  at  about  /»M,100,iM)0 
square  feet.  <  in  the  basis  of  the  Rochester  data  we  ha\  e  a  maximum 
evaporation  for  the  month  of  July  of  •».*.*»  inches,  which  would  give 
an  evaporation  for  that  month  of.  roundly,  1  -  cubic  feet  per  second. 

In  considering  percolation  loss  we  may  divide  the  section  between 
Carthage  and  Sandy  Creek  (Dam  No.  s)  into  two  parts,  one  consist¬ 
ing  of  a  channel  cut  largely  in  rock  and  the  other  of  the  two  reser¬ 
voirs  formed  by  Dams  Nos.  •'»  and  8  in  Rutland  Hollow  and  Sandy 
Creek.  The  channel  portion  will  have  a  wetted  perimeter  of  about 
,r».7»H),mo  square  feet,  with  an  average  depth  of  water  of  Id.  1  feet. 

Mr.  Childs  estimated  for  Krie  Canal  a  |>ereolation  loss  of  1  so  cubic 
feet  per  mile  per  minute,1  the  section  lieing  on  an  average  7.1  feet 
wide  at  top,  47  feet  at  bottom,  and  S  feet  deep,  giving  an  average 
depth  ofd  feet,  tin  this  basis  we  have  4d8,24<>  square  feet  of  wetted 
surface  per  mile  and  a  percolation  per  square  foot  of  wetted  surface 
of  0.0041  cubic  foot  per  minute.  Assuming  percolation  as  directly 
proportional  to  depth,  a  channel  with  a  depth  ot  Id.  I  would  show  a 
loss  of  0.0008H4  cubic  foot  per  minute.  'This  gives  for  the  channel 
from  Carthage  to  Sandy  Creek  a  lo^-,  of  .1,071  cubic  feet  per  minute, 
or  84. .1  cubic  feet  {>er  second. 

The  rock  in  which  this  section  of  the  feeder  is  to  Is*  excavated  is,  am 
stated,  the  Trenton  limestone  in  thin  layers,  probably  averaging  noi 
more  than  4  to  s  inches  thick,  thus  exposing  a  large  number  of  seams 
to  the  water.  There  are  also  vertical  seams  or  fissures  in  the  rock  at 
a  few  surface  exposures.  Two  or  three  streams  on  tin*  line  disappear 
into  such  fissures,  reappearing  some  distance  away.  The  rock  beds 
lie  nearly  horizontal.  The  feeder  is,  moreover,  on  the  sidehill  ot  the 

S**e  report  on  the  water  supply  of  western  division  of  Erie  Canal  by  the  author, 
in  Animal  Report  of  State  Engineer  and  Surveyor  of  New  York  for  1896. 
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valley  of  Black  River,  which  has  been  eroded  to  a  considerable  depth 
below  the  feeder  level,  so  that  if  seams  in  the  rock  are  open  at  all  for 
admission  of  water,  the  water  may  find  a  passage  out  and  down  into 
the  river  valley  within  a  short  distance.  Open  seams  will  not  be 
readily  closed  by  silt,  because  the  water  flowing  in  the  canal  will, 
aside  from  a  few  days  of  flood  each  year,  be  mostly  clear.  If  one  of 
the  seams  in  every  square  foot  in  the  exposed  face  of  rock  were  open 
0.01  of  a  foot  and  1  foot  in  length,  and  the  water  passed  out  at  the 
rate  of  only  0.1  of  a  cubic  foot  per  second,  such  outflow  would  cor¬ 
respond  to  a  percolation  of  84.5  cubic  feet  per  second  for  less  than  100 
feet  in  length  of  channel.  It  is  improbable,  however,  that  any  such 
extreme  percolation  would  exist  for  any  considerable  length  of  chan¬ 
nel,  and  in  any  case,  if  it  did,  the  location  of  such  leakage  could  be 
found  and  the  proper  remedy  applied.  However,  taking  into  con¬ 
sideration  the  observed  disappearances  of  water,  as  well  as  the  springs 
coming  from  sidehills  along  this  part  of  the  feeder,  showing  small 
underground  passageways,  it  appears  proper  to  double  the  foregoing 
estimate  and  call  the  probable  loss  from  percolation  between  Carth¬ 
age  and  Sandy  Creek,  say,  170  cubic  feet  per  second.  In  addition  to 
the  percolation  loss  from  the  feeder  channel,  there  may  be  expected 
to  be  a  small  loss  from  the  ponds  in  Rutland  Hollow  and  Sandy  Creek 
for  the  reasons  before  mentioned,  and  for  the  further  reason  that 
Rutland  Hollow  particularly  is  several  hundred  feet  above  Black 
River  and  separated  from  it  by  a  narrow  rock  ridge,  in  which  it  is 
probable  that  the  horizontal  limestone  layers  are  continuous. 

This  will  apply  with  perhaps  less  force  to  Sandy  Creek  Valley,  for 
the  reason  that  the  high  ground  between  it  and  the  Lake  Ontario  slope 
is  wider.  The  depth  of  water  in  both  of  these  ponds  will  be  about  50 
feet  at  the  deepest  parts.  The  surface  soils  now  in  place  above  the 
rock  are,  however,  heavy  and  tenacious  and  undoubtedly  nearly 
water-tight;  but  inasmuch  as  it  is  impossible  to  say  that  they  are 
absolutely  water-tight,  we  may  assume,  for  purposes  of  the  argument, 
a  rate  of  percolation  one-quarter  of  that  assumed  for  Erie  Canal, 
whence  we  compute  a  possible  loss  from  these  reservoirs  of  about  58 
cubic  feet  per  second.  The  maximum  evaporation  and  percolation 
loss  would  then  be: 

Cu.  ft.  per  second. 


Evaporation . . . . . .  12 

Percolation  from  canal  prism  ...  . . . .  170 

Percolation  from  reservoirs . . . - .  58 


Total . . . . . . . .  240 


On  the  section  from  Sandy  Creek  to  outlet  of  Kasoag  ponds  the  con¬ 
ditions  are  somewhat  different.  For  a  considerable  portion  of  this 
section  the  underlying  rocks  are  shale,  with  tenacious  clay  surface 
soils  or  subsoils  possessing  the  quality  of  water-tightness.  Exceptions 
to  this  are,  however,  noted  at  a  few  sections  already  referred  to,  but 
which  it  is  proposed  to  make  water-tight  by  thorough  puddling.  The 
total  water  surface  of  this  section,  including  ponds  and  feeder  chan- 
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nel,  is  31,240,000  square  feet,  from  which  there  may  be  expected  in 
July  a  maximum  evaporation  of  about.  7  cubic  feet  per  second.  The 
wetted  perimeter  may  be  taken  at  <5,000, (XX)  square  feet  of  rock  sur¬ 
face,  mostly  shales  and  sandstones  in  thin  layers,  and  28,000,000 square 
feet  of  earth  surface.  Of  the  earth  surface  about  10,000,000  square 
feet  are  in  feeder  channel  excavation  and  18,000,000  square  feet  in 
shallow  ponds  with  the  water  resting  on  undisturlx*d  natural  surfaces. 
As  may  be  seen  from  the  maps,  the  feeder  on  this  section  is  generally 
on  sidehill,  with  fairly  Mat  surface  slopes  on  the  lower  side.  In  the 
absence  of  definite  data  specifically  applying,  the  following  assump¬ 
tions  as  to  percolation  have  been  made: 

From  t5,o<M>,ooo  square  feet  of  rock  surface,  with  an  average  depth 
of  water  of  br>  feet,  the  percolation  loss  is  assumed  at  100  cubic  feet 
per  second. 

From  10,000,000  square  feet  of  excavated  earth  surface,  with  depth 
of  water  averaging  8  feet,  the  percolation  loss  is  assumed  at  00  cubic 
feet  jwr  second. 

From  18, 000, (XX) square  feet  of  {muds,  where  the  percolation  may  be 
expected  to  not  exceed  one-quarter  of  the  amount  allowed  for  dis¬ 
turbed  earth,  we  may  assume  a  percolation  loss  of  33  cubic  feet  per 
second. 

We  have  then,  as  the  probable  maximum  evaporation  and  percola¬ 
tion  loss  on  the  section  from  Sandy  Creek  to  Kasoag  (7+  100-f-!M)+33) 
=230  cubic  f«s*t  per  second. 

In  the  natural  channel  of  Fish  Creek,  from  Kasoag  to  where  the 
feeder  line  leaves  West  Branch  of  Fish  Creek  at  station  42i)7+70 
(I>am  No.  34),  we  may  assume  that  there  will  be  no  percolation  loss, 
except  such  as  is  due  to  raising  the  water  table  at  the  sides  of  the 
stream  and  which  leads  to  increased  evaj>omtion  from  the  ground 
surface  on  flat  areas.  This  loss  umj  at  times  l toco tue  very  large,  pos¬ 
sibly  as  much  as  from  <5<)  to  100  cubic  feet  per  second.  In  order  to 
have  a  definite  figure,  we  will  assume  it  at  73  cubic  feet  js*r  second. 

From  station  42'J7 -j- 70  to  where  the  feeder  enters  the  sand  plains 
at  station  4377  4-  40  the  material  through  which  the  feeder  is  exca¬ 
vated  contains  enough  clay  to  make  water-tight  work,  but  through 
the  sand  plains  there  will  bo  considerable  percolation  loss, except  that 
the  puddling  Is*  well  done.  As  a  matter  of  judgment,  the  evaporation 
and  percolation  losses  on  the  lower  section  are  taken  at  from  4<>  to  <10 
cubic  feet  per  second. 

Assuming  the  evaporation  and  percolation  losses  for  the  several 
sections  of  the  feeder  as  per  the  foregoing,  we  have  the  following: 

Cu.  ft  i>»r  second 


Evaporation  and  percolation  loss,  Carthage  to  Sandy  Creek . 240 

Evaporation  and  percolation  loss,  Sandy  Creek  to  Kasoag . . . 230 

Evaporation  and  percolation  loss,  valley  of  West  Brauch  of  Fish  Creea  .  80 

Evaporation  and  percolation  loss  in  channel  from  West  Branch  Fish  Creek  to 

summit  level  ship  canal .  .  r>0 

Total .  000 
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In  considering  the  foregoing  total  of  600  cubic  feet  per  second,  it 
should  be  remembered  that  this  represents  the  maximum  loss  likely 
to  occur  when  the  feeder  is  new.  Experience  shows  that  in  such 
channels  there  is  a  gradual  decrease  in  the  percolation  loss  for  several 
years,  until  finally  a  fixed  state  is  attained,  due  to  silting  up  of  the 
bottom  and  sides.  The  materials  through  which  the  feeder  will  be 
excavated  are  of  such  quality  as  to  assure  the  maximum  effect  of  such 
silting.  Hence  it  is  the  author’s  opinion  that  after  a  few  years  of 
operation  the  evaporation  and  percolation  losses  will  not  exceed  400 
cubic  feet  per  second,  on  which  basis  the  computations  of  capacity 
have  been  made.  It  is  recognized,  however,  that  for  the  first  few 
years  the  losses  may  run  as  high  as  600  cubic  feet  per  second,  a  fact 
which  is  urged  as  an  additional  reason  for  considerable  leeway  in 
storage  on  Black  River. 

As  a  final  summation  of  this  part  of  the  subject,  the  author  again 
reiterates  his  opinion  that  the  Black  River  storage,  if  constructed  as 
here  proposed,  is  sufficient  to  not  only  supply  2,200  cubic  feet  per 
second  to  Black  River  every  day  in  the  year,  but  also  to  meet  all  pos¬ 
sible  contingencies  of  adequate  water  supply  for  the  Oswego-Mohawk 
summit  level. 

In  concluding  this  discussion  of  the  proposed  Black  River  feeder, 
it  may  be  very  properly  remarked  that  the  work  as  presented  undoubt¬ 
edly  contains  some  crudities — as,  for  instance,  no  attempt  has  been 
made  to  decrease  the  cross  section  on  the  different  sections,  as  the 
amount  of  water  passing  gradually  decreases  from  evaporation  and 
percolation  loss.  There  is  also  some  slight  lack  of  adjustment  to  the 
actual  work  finally  decided  upon  between  the  different  sections.  The 
quantities  given  in  the  estimates  are,  nevertheless,  ample  to  construct 
the  feeder  with  all  necessary  refinements  of  the  character  indicated, 
and  taking  into  consideration  that  at  the  best  a  hurried  study  of  this 
character  is  merely  in  the  nature  of  preliminary  work  it  has  not  been 
deemed  worth  while  to  spend  the  time  necessary  for  relatively  unim¬ 
portant  final  adjustments. 

ESTIMATES. 

All  of  the  following  estimates  have  been  prepared  on  the  basis  of  an 
eight-hour  day,  and  with  reference  to  the  present  tendency,  which  is 
to  increase  somewhat  the  price  of  labor.  The  prices  used  are  given 
in  detail  farther  on. 
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Coin  pletc  rut  i  mate  of  cost  of  conxtr  acting  the  Black  River  feeder,  together  xoith  the 
Black  and  Salmon  Hirer  renert'oirH  and  appurtenance *. 

BLACK  RIVER  RESERVOIR. 

Right  of  way: 

Acres  — 

800,  at $500  (village  property) . $400,000 

3,000,  at  $100. .  300,000 

3,000,  at  $80  . .  240, 000 

2,000.  at  $60  .  120.000 

1,000. at  sill  ...  .  III. . 

10,000.  at  $30  .  300.000 

20.0H0.  at  $20  .  400,000 

5.000.  at  $10 . - .  50.000 

5,200,  at  $5  JO.ooo 

- $1,876,000 

Clearing  and  burning  12,000  acres,  at  $15 .  180,000 

Changes  of  highway,  including  fencing,  17.2  miles,  at  $2,000 .  34,400 

Highway  across  reservoir  at  <  'astorland: 

4,000  linear  feet  bridge,  at  $33  .  .  132,ooo 

7.200  linear  feet  bridge,  at  $25, .  .  .  ISO,  t KM) 

100,000  cubic  yards  embankment,  at  12  cents  .  13,080 

4,000  cubic  yards  riprap,  at  $1  .  4,000 

0.0  mile  new  road,  at  $2,000  . . . . . .  1,900 

200  rods  fencing,  at  $1  . . .  200 

-  330. 480 

Highway  across  reservoir  at  Lowville: 

8,000  linear  feet  of  bridge,  at  $33  .  .  204,000 

22,000  cubic  yards  embankment,  at  12  cents......  . .  2,640 

1.400  cubic  yards  riprap,  at  $1  .  . . . .  1.400 

3,800  linear  feet  of  approaches,  at  $1  . . .  3,  800 

100  rods  fencing,  at  $1 . . . .  100 

-  271,940 

Highway  across  reservoir  at  Glenfield: 

400  linear  feet  bridge,  at  £13 .  13,200 

2.400  linear  feet  bridge,  at  $25  .  60,000 

206,000  cubic  yards  embankment,  at  12  cents .  24,  720 

13.200  cubic  yards  riprap,  at  $1 .  18, 200 

H60  rods  fencing,  at  $1 . . . .  860 

-  111,980 

Moving  cemeteries .  .  40,  ooo 

Changing  location  of  19  miles  and  raising  8.15  miles  of  R.,  W. 
and  O.  Div.  of  N.  Y.  C.  and  H.  R.  R.  R.  and  Carthage  and 
Adirondack  R.  R.: 

192  acres  right  of  way,  at  $50  .  .  9. 600 

90  acres  clearing  and  grubbing,  at  $30 . .  .  . .  .  2, 700 

850,000  cubic  yards  excavation  of  earth,  at  25  cents . 212. 500 

175,000  cubic  yards  excavation  of  rock,  at  so  cents .  140,000 

68,000  cubic  yards  ballast,  at  40  cents .  27, 200 

48,300  ties,  at  50  cents  .  .  .  24, 150 

2,100  tons  steel  rails  (70  pounds  per  yard), at  £15 .  73,500 

270,000  pounds  angle  bars,  at  24  cents .  6.075 

30,000  pounds  l>olts,  at  24  cents _ _  750 

114,000  pounds  spikes,  at  24  cents . .  2,850 

19  miles  track  laying,  at  $400 .  7, 600 

36  miles  fencing,  at  $500 .  18, 000 
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18  miles  telegraph  line,  at  $300 .  $5, 400 

35,000  cubic  yards  riprap,  at  $1 . . . .  35, 000 

4  switches  and  stands,  at  §75 _ _ _ _ _ _  300 

2  stations  and  freight  houses,  at  $2,200 .  4, 400 

1  water  tank _ _  _ _ _  600 

Cast-iron  pipe  culverts,  with  end  walls _ _ _  6, 000 

Bridge  superstructures  ... . . . . .  52. 000 

Bridge  masonry  .  . . . .  148, 000 

14  road  crossings,  at  $50 . . . . .  700 

Temporary  track . . . . .  13,265 

Moving  Carthage  station. . .  1. 000 


Total . . . . . . . .  791,590 

Credit  imesent  line: 

220  acres  right  of  way,  at  $30 .  $6, 600 

2,100  tons  rails,  at  $20 . . . .  42, 000 

48,300  ties,  at  30  cents . . . . 14,490 

750,000  pounds  bridges,  at  3  cents  . .  22, 500 

2,500  cubic  yards  masonry,  at  $2 . .  5,000 

2  stations,  at  $500 _ _ _ _  1,000 

- 91,590 


Net  cost  of  changing  railroad . . . .  $700,000 

Dam  No.  1,  at  Carthage: 

Clearing  site  of  dam,  including  removal  of  buildings .  5, 000 

Bailing  and  draining,  including  coffer  dams _ _ _  44,467 

3,409  cubic  yards  surface  stripping,  at  12  cents .  408 

56,200  cubic  yards  excavation  of  earth,  at  20  cents _ _  11, 240 

36.500  cubic  yards  foundation  excavation  of  rock,  at  $1.50.  54, 750 

4.300  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents . . . . . . . . .  3,225 

83,000  cubic  yards  rubble  masonry  in  backing  and  core 

walls,  at  $4 . . .  332,090 

9,000  cubic  yards  concrete,  at  $5 . . . .  45, 000 

18.600  cubic  yards  granite  masonry  in  spillway  and  dis¬ 
charge  tunnels,  at  $15 _ _ _ _ _ _ 279,500 

19.500  cubic  yards  coursed  rubble-facing  masonry,  at  $7  ..  136,500 

740  cubic  yards  granite  coping  on  spillway,  at  $25 _  18, 500 

720  cubic  yards  coping  on  dam  and  protection  walls,  at  $15.  10, 800 

1.600  cubic  yards  broken-stone  lining,  at  $1.50  . . .  2,400 

1.300  cubic  yards  soiling,  at  50  cents . .  .  650 

28,000  cubic  yards  embankment,  at  25  cents . . .  7,000 

650  cubic  yards  puddle,  at  $1. . . . . .  650 

4,800  square  yards  slope  paving,  at  70  cents .  3, 360 

3,900  square  yards  sodding,  at  20  cents .  780 

85,000  feet  B.  M.  pine  timber,  at  $30  per  M . .  2, 550 

30,000  pounds  steel  rods,  bolts,  etc.,  at  7  cents .  2, 100 

22,000  pounds  12-inch  cast-iron  pipe,  laid,  at  2  cents .  440 

4,000  linear  feet  holes  for  dowels,  at  10  cents .  400 

1,000  linear  feet  railing,  at  $1 . . . .  1 , 000 

4  steel  discharge  tunnel  headings  with  sluice  gates,  at 

$2,500 . . . . . . . . . .  10,000 

8  12-inch  double  gates  and  stands,  complete,  at  $60.. .  480 

1  gate-house  superstructure,  complete . .  1,000 

1  turbine  and  pump  for  operating  gates . . .  1,  000 

-  975, 200 
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$20.00 
07.00 
48.00 
100.00 

120.  GO 

000. 00 

187.50 
50.00 

075.  00 
50.00 

202. 50 

00.00 

- $2.  fVOO 

Dam  No.  1  11:  , 


1  acre  clearing  and  grubbing . . . .  40.00 

1  bailing  and  draining  . - .  122.00 

1.4(H)  cubic  yards  surface*  stripping,  at  12  cents  .  108.00 

350  cubic  yards  earth  excavation,  at  20  cents  .  70.00 

5(H)  cubic  yards foun  dation  excavation  of  liardpan,  at  75 

cents  . . . . .  375.00 

1,100  cubic  yards  core-wall  masonry,  at  $4 . . .  4,400.00 

910  cubic  yards  broken-stone  lining,  at  $1.50 . . 1,410.00 

800  cub  e  yards  soiling,  at  50  cents . . .  4(H).  00 

10, .V0  cubic  yards  embankment,  at  25  cents . .  2,025.00 

250  cubic  yards  puddle,  at  81  . ..  250. 00 

2,800  square  yards  slojie  paving,  at  70  cents .  1,900.(M) 

2, 4im>  win  are  yards  sodding,  at  20  cents  . . .  480.00 

-  12,300 

Dam  No.  1  C: 

1  clearing  site  of  dam,  including  removal  of  buildings...  1.0(H). 00 

1  bailing  and  drainiug .  .  870.00 

18,200  cubic  yards  excavation  of  earth,  at  20  cents .  8, 040. 00 

2.0(H)  cubic  yards  foundation  excavation  of  rock,  at  $1.50.  3, 0(H).  00 

17.500  cubic  yards  backing  in  protection  walls,  at  $4... .  70.000.00 

0,920  cubic  yards  facing  in  protection  walls,  ut  $7  .  . 48,440.00 

570  cubic  yards  coping  on  protection  walls,  at  $15  .  8,550.00 

08to  i0  cubic  yards  embankment,  at  25  cents . 17,000. 00 

3.500  linear  feet  gas-pij>e  railing,  at  81 . . .  3, 5(H).  00 

-  156, 000 

Dam  No.  1  D: 

1  bailing  and  draining . . . . . .  394.00 

1,ihh>  cubic  yards  surface  stripping,  at  12  cents . .  120.00 

18,200  cubic  yards  excavation  of  earth,  at  20  cents . ...  3,  040. 00 

320  cubic  yards  foundation  excavation  of  rock,  Ht  81.50. . .  480. 00 
3,4(»  >  cubic  yards  excavation  of  granite  rock,  at  80  cents.  2,720.00 

1.1(H)  cubic  yards  core- wall  masonry,  at  84  .  4, 400.  00 

470  cubic  yards  broken-stone  lining,  at  $1  .  470.00 

390  cubic  yards  soiling,  at  50  cents . . .  195.00 

14.000  cubic  yards  embankment,  at  25  cents .  3,500. 00 

210  cubio  yards  puddle,  at  $1... .  210.00 

1,410  square  yards  slope  paving,  at  70  cents _  987. 00 

1,170  square  yards  sodding,  at  20  cents  . . . .  234.  00 

GOO  linear  feet  fencing,  at  25  cents . .  150. 00 


Dam  No.  1  A: 

acre  clearing  and  grubbing,  at  840 . 

1  bailing  and  draining  . 

400  cubic  yards  surface  stripping,  at  12  cents .  . 

500  cubic  yards  excavation  of  earth,  at  20  cents...  . 

100  cubic  yards  foundation  excavation  of  liardpan,  at  75 

cents...  . 

240  cubic  yards  core- wall  masonry,  at  84 . . 

125  cubic  yards  broken-stone  lining,  nt  $1.50 . 

1(H)  cubic  yards  soiling,  nt  50  cent*  . . . . 

2.7(H)  cubic  yards  embankment,  at  25  cents . 

50  cubic  yards  puddle,  at  .$1 . . 

375  square  yards  sloj»e  paving,  at  70  cents . 

300  square  yards  sodding,  at  20  cents  _ _ _ 


17,500 
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Dam  No.  1  E: 

1  bailing  and  draining _ _  _ _ _  §447 

1,650  cubic  yards  surface  stripping,  at  12  cents . . 198 

1,050  cubic  yards  excavation  of  earth,  at  20  cents .  210 

160  cubic  yards  foundation  excavation  of  rock,  at  §1.50 _  240 

600  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents . . . .  . .  450 

1,550  cubic  j7ards  core-wall  masonry,  at  $4  _ _  6,200 

650  cubic  yards  broken-stone  lining,  at  §1 _ _  650 

550  cubic  yards  soiling,  at  50  cents . .  _ . .  225 

15,000  cubic  yards  embankment,  at  25  cents . .  3.750 

160  cubic  yards  puddle,  at$l . . . . . _ .  160 

2,000  square  yards  slope  paving,  at  70  cents . .  T,  400 

1,600  square  yards  sodding,  at  20  cents .  320 

1,000  linear  feet  fencing,  at  25  cents  _ _ 250 

-  §14. 500 

Dam  No.  1  F: 

3  acres  clearing  and  grubbing,  at  §40 _ _ _  120 

1  bailing  and  draining  . . . . .  592 

3,400  cubic  yards  surface  stripping,  at  12  cents. _ _  408 

10,000  cubic  yards  excavation  of  earth,  at  20  cents . .  2,000 

2.200  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents  _ _ _ _ _ _  _ _ _ _  1, 650 

3.400  cubic  yards  core- wall  masonry,  at  §4 _  13, 600 

1,900  cubic  yards  broken-stone  lining,  at  §1.50 _  2.850 

1.400  cubic  yards  soiling,  at  50  cents. . 700 

53,000  cubic  yards  embankment,  at  25  cents . .  .  13,250 

500  cubic  yards  puddle,  at  §1 _ _ _ _  500 

5, 700  square  yards  slope  paving,  at  70  cents . .  3, 990 

4.200  square  yards  sodding,  at  20  cents . . . 840 

-  40, 500 

Dam  No.  1  G: 

3  acres  clearing  and  grubbing,  at  §40 _ _ _ _  120 

1  bailing  and  draining . . . . .  505 

3.500  cubic  yards  surface  stripping,  at  12  cents  .  . . 420 

7.500  cubic  yards  excavation  of  earth,  at  20  cents .  1, 500 

2,300  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents .  . .  .  1,725 

3.400  cubic  yards  core-wall  masonry,  at  §4 ...  . .  13, 600 

1,800  cubic  yards  broken-stone  lining,  at  §1 _ _  1, 800 

1.500  cubic  yards  soiling,  at  50  cents . .  . 750 

45,000  cubic  yards  embankment,  at  25  cents.  . . .  11,250 

450  cubic  yards  puddle,  at$l . . . . .  450 

5.400  square  yards  slope  paving,  at  70  cents .  .  3, 7S0 

4. 500  square  yards  sodding,  at  20  cents. . .  900 

-  36.800 

Damage  to  water  powers  in  valley  above  Carthage  _ .  _ ...... _  900, 000 

Drain  at  West  Carthage.  4,000  linear  feet  24-inch  sewer  pipe,  laid,  at  $3.  12, 000 

Total  cost  of  Black  River  reservoir .  . . .  5,712,200 


SALMON  RIVER  RESERVOIR. 

Right  of  way: 

100  acres  of  land,  at  §300  (village  of  Redfield) . .  §30, 000 

8,900  acres  of  land,  at  §30  . . .  267, 000 

-  §297,000 

Clearing  and  burning  2,500  acres,  at  §15 . . . . . . . -  37, 5G0 

Changes  of  highway,  including  fencing,  6  miles,  at  §3,000  . .  18.  000 
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Highway  across  reservoir  at  Red  field: 

1.200  linear  feet  bridge,  at  $80  . . .  ..  $$6,000 

120,000  cubic  yards  embankment,  at  12  cents .  14,  -100 

25.200  cubic  yards  riprap,  at  .si .  .  2.i,  200 


Bridge  Itelow  dam  at  Stillwater  . . .  . 

Dam  No.  70: 

5  acres  clearing  and  grubbing,  at  $40 .  200 

1  bailing  and  draining  . .  5,360 

2.500  cubic  yards  surface  stripping,  at  12  cents  .  300 

5,000  cubic  yards  excavation  of  earth,  at  20  cents .  1,000 

22.000  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents  .  10,500 

18.500  cubic  yards  foundation  excavation  of  rock,  at  $1.50.  27. 750 

7,30  >  cubic  yards  granite  spillway  and  arch  masonry,  at 

$15  .  109,500 

8,000  cubic  yards  facing  masonry,  at  $7 .  .  50. 000 

45,000  cubic  yards  rubble  1  acking  and  core-wall  masonry. 

at  >5  285,000 

000  cubic  yards  spillway  coping,  nt  $25  .  . . .  7. 500 

100  cubic  yards  coping  on  dam  and  wing  walls,  at  $15  ...  2.  400 

4.000  cubic  yards  concrete,  nt  $0 . .  24. 000 

1,000  cubic  yards  puddle,  nt  $1 .  1,000 

1,700  cubic  yards  broken-stone  lining,  at  $1.50  2,550 

1,000  cubic  yards  soiling,  at  50  cents  .  500 

30,000  cubic  yards  embankment,  at  25  cents  . .  7, 500 

5,000  s  plan;  yards  slope  paving,  nt  70  cents .  3,500 

3.000  square  yards  sodding,  at  20  cents .  000 

1,000  linear  feet  holes  for  dowels,  at  10  cents .  100 

325  linear  feet  2^-inch  gate  stems,  with  couplings,  at  OOcents.  195 

3,000  feet  B.  M.  oak  timber,  at  $40 . . .  120 

20,000  i>ounds  60-inch  steel  pipe,  nt  7  cents .  1. 400 

0,000  pounds  6-inch  cast-iron  pipe,  at  2  cents .  120 

12,000  pounds  steel  rials,  l*olts,  etc,  at  7  cents .  N40 

3  Oo-inch  double  gates,  at  $1,200  .  3.000 

4  0-inch  double  gates,  at  $10 . .  .  40 

2  72-inch  Hume  gates,  at  $700 . "..  1.400 

5  gate  stands,  at  $25 . .  125 

4  gate  stands,  at  $10  . .  10 

1  gatehouse  superstructure,  complete .  800 


Dam  No.  74: 

1  acre  clearing  and  grubbing . 

1  bailing  and  draining  .  . . 

700  cubic  yards  surface  stripping,  at  12  cents . 

300  cubic  yards  excavation  of  earth,  at  20  cents . 

500  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents . . 

1,200  cubic  yards  core- wall  masonry,  at  $5 . 

500  cubic  yards  puddle,  at  $1 . 

530  cubic  yards  broken-stone  lining,  at  $1.50 . 

450  cubic  yards  soiling,  at  50  cents . 

18,500  cubic  yards  embankment,  at  25  cents . 

1,000  square  yards  slope  paving,  at  70  cents . 

1,350  square  yards  sodding,  at  20  cents . 


40 

406 

84 

GO 

375 
6,000 
500 
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4,625 
1. 120 
270 


$75, 600 


9.000 


.500,000 
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Dam  No.  To: 

2  acres  clearing  and  grubbing,  at  $40 . . .  $80 

1  bailing  and  draining .  . . .  506 

8.200  cubic  yards  surface  stripping,  at  12  cents  _  _  384 

1,000  cubic  yards  excavation  of  earth,  at  20  cents _  200 

2,000  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents  _ , . .  ... _ _ _ _  1,  500 

4.200  cubic  yards  core  wall  masonry,  at  $5 _ 21,000 

2,000  cubic  yards  puddle,  at$l . . . .  2, 000 

2,900  cubic  yards  broken-stone  lining,  at  $1.50  . .  4,350 

2,400  cubic  yards  soiling,  at  50  cents _ _ _  1, 200 

49,000  cubic  yards  embankment,  at  25  cents . . .  12,  250 

8,700  square  yards  slope  paving,  at  70  cents . . .  6,  090 

7.200  square  yards  sodding,  at  20  cents  . . . . .  1, 440 


Dam  No.  76: 

10  acres  clearing  and  grubbing,  at  $40 .  . .  400 

1  bailing  and  draining. . .  . .  . .  1,550 

15,000  cubic  yards  surface  stripping,  at  12  cents _  1, 800 

3,000  cubic  yards  excavation  of  earth,  at  20  cents _ _  600 

7,000  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents _  _ _  _ _ _ _ _ _ _ _ _  5, 250 

27,480  cubic  yards  core  wall  masonry,  at  $5 . . . .  .  137, 400 

10.000  cubic  yards  puddle,  at  $1 . .  10,  000 

14.500  cubic  yards  broken-stone  lining,  at  $1.50 . .  21. 750 

12.000  cubic  yards  soiling,  at  50  cents . . .  . . .  6. 000 

500,000  cubic  yards  embankment,  at  25  cents .  125, 000 

43.500  square  yards  paving,  at  70  cents . .  .  30,450 

36,000  square  yards  sodding,  at  20  cents _ _ _  7,  200 


$51,000 


347,400 


Total  cost  of  Salmon  River  reservoir . .  . .  1, 350, 000 


BLACK  RIVER  FEEDER. 

Right  of  way: 

Acres — 

1,000,  at  $100 . . . . . $100,000 

1,000,  at  $75 . . .  .  .  . .  75,000 

2,000,  at  $50 . . . .  .  100.000 

1,000,  at  $40  . . . .  40.000 

3,000,  at  $25  _ _ _  ..  . . . .  75,000 

1,000,  at  $10 . . . . .  10.000 

-  400, 000 

Clearing  and  burning  930  acres  of  land,  at  $15 . . .  13, 950 

Clearing  and  grubbing  220  acres  of  land,  at  $40 . . . . .  8,  800 

Excavation  of  earth.  13,750,000  cubic  yards,  at  20  cents . . .  .  2, 750, 000 

Excavation  of  hardpan,  1,180,000  cubic  yards,  at  35  cents. . . .  413,000 

Excavation  of  shale  rock,  430,000  cubic  yards,  at  55  cents  .  - -  236,  500 

Excavation  of  sandstone  rock,  120,000  cubic  yards,  at  65  cents .  78, 000 

Excavation  of  limestone  rock,  1,950,000  cubic  yards,  at  65  cents .  1, 267,  500 

Excavation  of  rock  in  tunnel,  116,000  cubic  yards,  at  $3. - - -  .  . .  348,000 

Retaining-wall  masonry,  41.000  cubic  yards,  at  $5  .  .  .  205, 000 

Riprap,  300,000  cubic  yards,  at  $1.10  - - - - -  ...  330,000 

Puddle,  200,000  cubic  yards,  at  $1  . . . . . . .  ...  .  200,000 

Broken-stone  lining,  4,000  cubic  yards,  at  $1.50  . . . .  . . .  6,000 

Slope  paving,  12,000  square  yards,  at  70  cents - - - - -  8. 400 

Channeling,  3,150,000  square  feet,  at  10  cents ....  . . .  315. 000 


‘MS 
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F-  ncing: 

133.000  linear  feet  stone  wall,  at  25  cents . $33,250 

:  136, 000  linear  feet  wire  fence,  at  10  cents .  3*3,600 


Telephone  line.  100  miles,  at  $330  . . 

Farm  crossings,  43,  at  $2,500  .  . 

Dwellings  for  ojieration,  20,  at  $1,500  . . 

Guard  gates.  0  sets,  at  $14,000 . 

Dredges.  3  dredges,  at  $27,000 . 

Shaft  for  tunnel  . 

Ditching  on  side  hills  about  cuts  . 

Planting  willows  anti  sjh-  ial  protection  of  slopes. 
Flood  water  channel  above  Camden: 


280,0  N)  cubic  yards  excavation  of  earth,  at  20  cents . $52,000 

2  highway  bridges,  at  $5,000  .  10,000 

1  railroad  bridge . .  8,000 


Damage  to  water  powers  on  streams  tributary  to  feeder . 


Damage  to  water  powers  on  Fish  Creek .  . . . 

Railway  bridges: 

l  bridge  at  Station  4328.. .  $10,000 

1  bridge  at  Station  4537 .  .  10,000 


Highway  bridges: 

1  at  each  of  the  following  stations— 

0+88  .  2.5oo 

12-40 .  .  2.  -500 

19  +80  .  2,500 

80+40  .  . .  . . . 

104  +  00  .  2,500 

918+70  2.500 

288+  50  .  3,000 

296+00 . 2,500 

834+00 .  0,000 

884+00  .  2,  ooo 

807+80.  .  8,000 

808+80  2.500 

528+50  4,000 

557+00 .  5,000 

700  r00  3.000 

783+80.  . .  8,8 . 

750+  50 . 2,000 

783  +  20  .  2,000 

820+70  .  2,000 

8.50  +  50  .  2,000 

987+80  .  . .  4.  ooo 

1072-r  70 .  4,000 

1178+80 .  4,000 

1841  •  i"  4,000 

Spillway  of  Dam  No.  8 . 8,000 

1888  •  00  ...  . . .  25.000 

1405+00  8,800 

1469  +  80 .  . . . .  4,000 

1811+40  .  8,000 

1587  -10  . .  .  . . 

1627-1-80  .  5,000 


$66, 850 
33, 000 
107,503 
30. 000 

126. OOO 
81.000 
3,000 
5,000 
25,000 


70.060 
40.  INK) 

25,000 


20, 600 
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Highway  bridges — Continued. 

1  at  each  of  the  following  stations — 

1649+00  . $6,500 

1735+70  .. . 6,500 

1860+40  . . . . i _  7,000 

1919+70  . 6,900 

1967+80  . 6,700 

2016+60  . 6,500 

2090+30  . . . . .  .  . . .  . .  6,700 

2141+00 . 4,000 

2207+20  . 3,500 

2231+00  . . , . . .  3,500 

2342+90  _ 6,500 

2399+80  ... . 6,500 

2475+00  . 6,500 

2530+00  ... . 6,500 

2633+80  . 5,000 

2659+60  .. . 5.000 

2904+00  . 5,000 

4370+00... . 6,500 

4413+00  . . 6,500 

4464+80  . . .  ....  7,000 

4537+40  . 6,500 

4593+40  . 7,500 

4630+80  . 8,000 

4687+00  .. . 7,500 

4773+30  ... . 6,500 

4797+50  .  6,500 

- - —  $293, 300 

Bridges  on  Fish  Creek  (openings  to  be  enlarged): 

2  railway  bridges,  at  $7,000  . . .  14, 000 

10  highway  bridges,  at  $4.000. .  . . . .  40, 000 

-  54, 000 

Changes  of  highway: 

Linear  feet  of  new  highway  at  each  of  the  following  sta¬ 
tions — 

Station  1,  300 .  1,200 

11.200  . 400 

391.1.300  . 2,600 

557,11,400  . 11,400 

700.800  . 800 

1310,  7,300 . . . .  5, 000 

1336.5.200  . 3,100 

Crossing  Dam  No.  8,  3,000  linear  feet  new  highway ...  5, 000 

1390,1,600  . 1,000 

1406,  1,800  .  1,100 

1470,  1,300 . 800 

1510,900 . . . . .  ..  .  600 

1568.1.300  ... . 800 

1732,2,000 . 1.200 

1852,1,500 . 900 

1919.800  . 800 

2016,800. . .. .  .  500 

2090,1,000 . 600 

2390,  700. . 400 

2905,1,000  ... .  600 
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Changes  of  highway — Continued. 

Linear  feet  of  new  highway  at  each  of  the  following  sta¬ 


tions. 

4370,  500 . .  $300 

1896,8,700  .  . .  1,600 

1 164, 8,900  .  . .  8,900 

1585.9,600  ...  .  1,500 

17*7.  l.ooo  .  .  .  8, 100 


Dam  No.  2,  at  West  Cartilage: 

1  bailing  and  draining,  including  cofferdams,  etc  10,775 

7,850  cubic  yards  foundation  excavation  of  rock,  at  $1.50  11. 775 

3.(XM»  cubic  yards  excavation  of  earth,  at  20  cents .  000 

1 ,000  cubic  yards  embankment,  at  25  cents  .  250 

15,000  cubic  yards  masonry  in  dam  and  retaining  wall,  at  $6  90. 000 

440  cubic  yards  coping  on  dam  and  retaining  wall,  at  $15  .  6.600 


Dam  No.  3: 

i  acre  clearing  and  grubbing,  at  $40 .  . 

1  bailing  and  draining  ..  . . 

*25  cubic  yards  surface  stripping,  at  12  cents  . 

100  cubic  yards  excavation  of  earth,  at  20  cents  . 

100  cubic  yards  foundation  excavation  of  rock,  at  $1.50  . 

17o  cubic  yards  core- wall  masonry,  at  $1  . 

50  cubic  yards  puddle,  at$l . . 

70  cubic  yards  broken-stone  lining,  pt  $1.50 . 

00  cubic  yards  soiling,  at  50  cents . 

800  cnliic  yards  embankment,  at  25  cents  .  . 

220  square  yards  slope  paving,  at  70  cents . 

180  square  yards  sodding,  at  20  cents . 

Dam  No.  4.  Townsend  Dr-jok: 

3  acres  clearing  and  grubbing,  at  $40 . 

1  bailing  and  draining . 

2.0<H»  cubic  yards  surface  stripping,  at  12  cents . 

20,000  cubic  yards  excavation  of  earth,  at  20  cents  . 

3. 70<>  cubic  yards  excavation  of  hardpan.  at  35  cents 
1,240  cubic  yards  foundation  excavation  of  hardpan.  at  75 
omti  .......  ....  . .  ... 

3,800  cubic  yards  core-wall  masonry,  at  $4 . 

1,200  cubic  yards  protection-wall  masonry,  at  $V . 

1.910  cubic  yards  masonry  in  gatehouse  and  discharge  cul¬ 
vert.  at  $6  . 

155  cubic  yards  coping  on  gatehouse,  protection  walls,  and 

Bpillway,  at  $15 . 

4,500  cubic  yards  wasteway  paving,  at  $4  .  . 

1,000  cubic  yards  broken-stone  lining,  at  $1.50 .  . 

1,000  cubic  yards  puddle,  at  $1  . 

800  cubic  yards  soiling,  at  50  cents  . . 

25,000  cubic  yards  embankment,  at  25  cents  . 

3,000  square  yards  slope  paving,  at  70  cents  . . 

2,4oo  square  yards  sodding,  at  20  cents  . .  . 

8.000  pounds  Oo-inch  steel  pipe,  at  7  cents . 

800  pounds  6-inch  cast-iron  pipe,  laid,  at  2  cents . 

3,000  pounds  steel  rods,  bolts,  etc.,  at  7  cents . 

200  linear  feet  2^-inch  gate  steins,  at  00  cents . . 

00-inch  double  gate . 


10 

138 

27 

20 

150 

(ISO 

50 

105 

80 

200 

154 

86 


120 
754 
240 
4,000 
1 . 295 

000 

15,200 

0.000 

11,400 

2,  325 
18.000 
1.500 
1,000 
400 
0.  250 
2.  100 
480 
500 
10 
210 
120 
1.200 


$17,800 


120,000 


1.000 
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Dam  No.  4.  Townsend  Brook— Continued. 

2  6-ineh  double  gates,  at  $10 _ _ _ _  $20 

(50-inch  flume  gate _ _  _ _ _ _  400 

2  gate  stands, at  $25 . . _  _ .  . _  _ . .  50 

2  gate  stands,  at  $10 _ _ . _ _ __ _  20 

1  gatehouse  superstructure _  800 

bridge  to  gatehouse . _  _  . . . . . .  250 

-  $75, 700 


Dam  No.  5:  Estimate  for  this  dam  is  included  in  estimate  of 


feeder  line,  Station  360+50  to  Station  387+30. 

Dam  No.  6,  Rutland  Hollow  Creek: 

4  acres  clearing  and  grubbing,  at  $40 _ _ _  160 

1  bailing  and  draining . . . . . .  1, 152 

5.600  cubic  yards  surface  stripping,  at  12  cents . ..  672 

1.600  cubic  yards  excavation  of  earth,  at  20  cents .  320 

1,820  cubic  yards  foundation  excavation  of  rock,  at  $1,50..  2, 730 

260  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents  ...  _ _ _. _ _ _ _ _ _  195 

8,840  cubic  yards  core- wall  masonry,  at  $4 . . _.  35, 360 

1,910  cubic  yards  masonry  in  gatehouse  and  discharge  tun¬ 
nel,  at  $6 _  _ _  ... _  ... _ _ _  11,460 

300  cubic  yards  masonry  in  spillway,  at  $5 _  1 , 500 

46  cubic  yards  coping  on  gatehouse,  spillway,  etc.,  at  $15..  690 

2.100  cubic  yards  puddle,  at  $1 . . . . ......  2, 100 

3,150  cubic  yards  broken-stone  lining,  at  $1.50. .  _  4, 725 

2,650  cubic  yards  soiling,  at  50  cents.. . . 1,325 

115,000  cubic  yards  embankment,  at  25  cents _  28, 750 

9.450  square  yards  slope  paving,  at  70  cents. . . .  6, 615 

8,000  square  yards  sodding,  at  20  cents _ _ _  1, 600 

8,000  pounds  60-inch  steel  pipe,  at  7  cents . . .  560 

5,000  pounds  steel  rods,  bolts,  etc.,  at  7  cents . .  350 

800  pounds  6-inch  cast-iron  pipe,  laid,  at  2  cents . . .  16 

100  linear  feet  holes  for  dowels,  at  10  cents . . . .  10 

200  linear  feet  21-inch  steel  gate  stems,  at  60  cents  ,  .  120 

60-inch  double  gate - - - - -  1,200 

2  6-inch  double  gates,  at  $10 . . . . . . .  20 

1  60-inch  flume  gate . . . . . . . .  400 

2  gate  stands,  at  $25 . . . . . . . .  .  50 

2  gate  stands,  at  $10... . . . . .  20 

1  gatehouse  superstructure  . . . .  800 

bridge  to  gatehouse - - - - - - -  250 

-  103,150 

Dam  No.  7: 

2  acres  clearing  and  grubbing,  at  $40 . . .  80 

1  bailing  and  draining . . . . . . . .  115 

1.500  cubic  yards  surface  stripping,  at  12  cents - -  ISO 

6.600  cubic  yards  excavation  of  earth,  at  20  cents . .  1, 320 

1.100  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents  _ _ _ _ - . . .  825 

3.450  cubic  yards  core-wall  masonry,  at  $1 - -  13, 800 

1,050  cubic  yards  puddle,  at  $1. .  1, 050 

700  cubic  yards  broken  stone  lining,  at  $1.50. .  1,050 

670  cubic  yards  soiling,  at  50  cents . .  335 

21.500  cubic  yards  embankment,  at  25  cents  . . .  5, 375 

2.100  square  yards  slope  paving,  at  70  cents. . . .  1, 470 

2,000  square  yards  sodding,  at  20  cents - - -  400 


26, 000 
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Dam  No.  8,  North  Branch  Sandy  Creek: 

2  acres  clearing  ami  grubbing,  at  $40 .  .  $80 

1  bailing  nnd  draining  .  14.872 

15.250  cubic  yards  surface  stripping,  at  12  cents  .  1, 830 

110,000  cubic  yards  excavation  of  earth,  at  20  cents  .  23, 200 

3,700 cubic  yardsexcavation  of  limestone  rock,  at  05  cents  2.  405 
2,200  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents  ....  ..  .  .  1.095 

4.  700  cubic  yards  foundation  excavation  of  shale  rock,  at  $1  4.  700 

000  cubic  yards  foundation  excavation  of  limestone  rock, 

at  $1.50  .  900 

31.  OoO  cubic  yards  masonry  in  core  walls,  at  $4  . . .  .  138. 400 

4. 070  cubic  yards  masonry  in  spill  way.  and  protection  walls, 
at  $5  20,880 

450  cubic  yards  coping  on  piers,  spillway,  nnd  protection 
walla,  at  $15  .  0, 750 

4.500  cubic  yards  wasteway  paving,  at  $4 . .  .  18, 000 

8.250  cubic  yards  broken  stone  lining,  at  $1  .  .  8, 250 

9,150  cubic  yards  puddle,  at  $1  . .  9, 150 

0,850  cubic  yards  muling,  at  50 cents .  3, 425 

312,000  cubic  yards  embankment,  at  25  cents  .......  ..  78,000 

I, 900  cubic  yards  masonry  in  gatehouse  nnd  discharge 

culvert,  at  $0  .  11,400 

25.000  square  yards  paving,  at  70  cents .  .  17.500 

20.500  square  yards  sodding,  at  20  cents . .  .  4. 100 

12,000  feet  B.  M.  pine  timber,  at  $30  per  M  ..  . .  380 

12,000  feet  B.  M.  oak  timber,  at  $40  per  M  .  480 

35,000  {rounds  steel  I-beams,  at  5  cents .  1.750 

8,000  pounds  00-inch  steel  pipe,  at  7  cents .  580 

0,500  pounds  steel  rods,  bolts,  etc.,  at  7  cents .  455 

'<00  pounds  0-inch  cast-iron  pipe,  laid,  at  2  cents .  10 

020  linear  feet  holes  for  dowels,  at  10  cents .  02 

000  linear  feet  2J-inch  steel  shafting  and  gate  stems,  at  00 

cents .  360 

31  sets  operating  mechanism  lor  spillway  sluices, at  $100  3, 100 

00-inch  double  gate  .  1.200 

2  0-inch  double  gates,  at  $10 . .  20 

00-inch  Hume  gate  . .  400 

2  gate  stands,  at  $25 . 50 

2  gate  stands,  at  $10 .  20 

1  gatehouse  superstructure  .  H00 

turbine,  with  gearing  and  shafting .  600 

-  1875,240 

Dam  No.  9,  South  Branch.  Sandy  Creek: 

7  acres  clearing  and  grubbing,  at  $40  .  280 

1  bailing  and  draining  .  2, 000 

166,000  cubic  yards  excavation  of  earth,  at  20  cents .  33, 200 

II, 000  cubic  yards  foundation  excavation  of  shale  rock, 

at  si  11.000 

7.500  cubic  yards  of  rubble  masonry  backing,  at  $4 .  30, 000 

10,0: to  cubic  yards  face  masonry,  at  $7  .  70. 000 

2,000  cubic  yards  protection-wall  masonry,  at  $5  .  _ _  10.000 

4.500  cubic  yards  concrete,  at  $5 . .  22, 500 

460  cubic  yards  coping  on  dam,  spillway,  and  protection 

wal  Is,  at  $15 . w .  6, 000 
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Dam  No.  9,  South  Branch,  Sandy  Creek — Continued. 

1,000  cubic  yards  embankment,  at  25  cents _ _  $250 

9,000  feet  B.  M.  pine  timber,  at  $30  per  M _ _ 270 

8,000  feet  B.  M.  oak  timber,  at  $40  per  M . . 320 

22,000  pounds  steel  I-beams,  at  5  cents . .  1, 100 

8,000  pounds  steel  rods,  bolts,  etc.,  at  7  cents .  560 

8,000  pounds  60-inch  steel  pipe,  at  7  cents . . .  560 

4,000  pounds  6-inch  cast-iron  pipe,  laid,  at  2  cents . .  80 

500  linear  feet  holes  for  dowels,  at  10  cents . . . .  50 

500  linear  feet  2^-inch  steel  shafting  and  gate  stems,  at  60 

cents . . . . . . . .  300 

19  sets  operating  mechanism  for  spillway  sluices,  at  $100  1,900 

2  60-inch  double  gates,  at  $1,200  . . . .  2,400 

4  6-inch  double  gates,  at  $10  . . 40 

4  60-inch  flume  gates,  at  $400  . 1,600 

6  gate  stands,  at  $25 . 150 

4  gate  stands,  at  $10 . 40 

1  gatehouse  superstructure . 800 

turbine,  with  shafting  and  gearing .  . . .  600 

-  $197, 500 

Dam  No.  10: 

1  acre  clearing  and  grubbing. . . 40 

1  bailing  and  draining . .  148 

650  cubic  yards  surface  stripping,  at  12  cents _  78 

520  cubic  yards  excavation  of  earth,  at  20  cents _  104 

300  cubic  yards  foundation  excavation  of  liardpan,  at  75 

cents . . 225 

1,000  cubic  yards  core- wall  masonry,  at  $4 . .  4, 000 

300  cubic  yards  broken  stone  lining,  at  $1.50 . .  450 

250  cubic  yards  soiling,  at  50  cents  ..  . .  125 

350  cubic  yards  puddle,  at  $1 . 350 

6,000  cubic  yards  embankment,  at  25  cents _ _  _  1,500 

900  square  yards  slope  paving,  at  70  cents . . .  630 

750  square  yards  sodding,  at  20  cents . .  . . .  150 


Dam  No.  11,  Deer  Creek: 

2  acres  clearing  and  grubbing,  at  $40 . . . . . .  80 

1  bailing  and  draining . .  2,308 

56.300  cubic  yards  excavation  of  earth,  at  20  cents..  _  11,260 

12,000  cubic  yards  excavation  of  shale  rock,  at  55  cents...  6,600 
12,000  cubic  yards  foundation  excavation,  shale  rock,  at  $1.  12, 000 

9.300  cubic  yards  rubble  backing  and  spillway  masonry, 

at  $4  . 1... . 37,200 

1,000  cubic  yards  protection-wall  masonry,  at  $5 _ 5,000 

9,700  cubic  yards  face  masonry,  at  $7. . 67,900 

5,500  cubic  yards  concrete,  at  $5  . 27,500 

430  cubic  yards  coping  on  dam  and  spillway,  at  $15 _  6, 450 

8,000  feet  B.  M.  pine  timber,  at  $30  per  M . 240 

6,000  feet  B.  M.  oak  timber,  at  $40  per  M . 240 

420  linear  feet  holes  for  dowels,  at  10  cents .  42 

500  linear  feet  21-inch  steel  shafting  and  gate  stems,  at  60 

cents . . . . .  300 

8,000  pounds  60-inch  steel  pipe,  at  7  cents . . .  560 

15,000  pounds  steel  I-beams,  at  5  cents _ _  750 

4,000  pounds  6-inch  cast-iron  pipe,  at  2  cents  . .  80 
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Dam  No.  11,  Deer  ( 'reek— Continued. 

8.0  >0  pounds  steel  rods,  bolts,  etc.,  at  7  cents .  $560 

15  sets  operating  mechanism  for  spillway  sluices,  at  $100..  1.300 

2  00-inch  double  nates,  at  $1,200 . .  2.  400 

4  6-inch  double  gates,  at  $10 . . .  .  40 

4  60-inch  Hume  gates,  at  $4o0 . . .  1.000 

0  gate  stands,  at  $25 .  .  150 

4  gale  stands,  at  $10 .  40 

1  gatehouse  superstructure . .  .  800 

turbine,  with  gearing  and  shafting .  .  000 


Dam  No.  12,  Lorraine  Brook: 

1  acre  clearing  and  grabbing,  at  $10 .  20 

1  bailing  and  draining .  1. 170 

2,300  cubic  yards  excavation  of  earth,  at  2  »  cents  .  400 

2,500cubic  yards  foundation  excavation  of  shale  rock,  at  $1 .  2, 500 

1,750  cubic  yards  rubble  backing  masonry,  at  $1  .  7,000 

2.850  cubic  yards  face  masonry,  at  $7 . .  10.050 

750  cubic  yards  concrete,  at  $5 .  3, 050 

130  cubic  yards  coping  on  dam.  at  $15 .  1,950 

40o  cubic  yards  embankment,  at  25  cents . .  100 


Dam  No.  13: 

1  acre  clearing  nnd  grubbing . 

1  bailing  and  drain. ng . 

7<»o  cubic  yards  surface  stripping,  at  12  cents  .. 
300  cubic  yards  excavation  of  earth,  at  20  cents 

450  cubic  yards  core- wall  masonry,  at  $4  _ 

250  cubic  yards  broken  sto  ie  lining,  at  $1,50... 

210  cubic  yards  soiling,  at  50  cents . . 

4.uoo  cubic -yards  embankment,  at  25  cents _ 

150  cubic  yards  puddle,  at  $1 . 

750  square  yards  sloj>e  paving,  at  70  cents  .. 

630  square  yards  sodding,  at  20  cents  ..  _ 

Dam  No.  14: 

i  acre  clearing  and  grubbing,  at  $10 . 

1  bailing  and  draining  .  . . 

150  cubic  yards  surface  stripping,  at  12  cents  . 
150  cubic  yards  excavation  of  earth,  at  20  cents 

135  cubic  yards  core- wall  masonry,  at  $4  . 

50  cubic  yards  broken-stone  lining,  at  $1,50. .  . 

42  cubic  yards  soiling,  at  50  cents . 

520  cubic  yards  embankment,  at  25  cents . 

65  cubic  yards  puddle,  at  $1 .  .. 

150  s  iuare  yards  slope  paving,  at  70  cents . 

130  square  yards  sodding,  at  20  cents . 


40 
135 
84 
60 
1 ,  NO.) 

875 

105 

1,000 

150 

525 

126 


10 

80 

18 

30 

540 

75 

21 

130 

65 

105 

26 


Dam  No.  15.  Bear  Creek: 

3  acrt  s  clearing  and  grubbing,  at  $40 .  120 

1  bailing  and  draining . .  729 

3,4oo  cubic  yards  surface  stripping,  at  12  cents .  408 

9,650  cubic  yards  excavation  of  earth,  at  20  cents .  1,930 

1,350  cubic  yards  foundation  excavation  of  shale  rock,  at  $1  1.350 

5,000  cubic  yards  core- wall  masonry,  at  $4  .  20.000 

1,700  cubic  yards  broken-stone  lining,  at  $1.50  .  .  2, 550 


$186, 000 


36,  N00 


4,400 


1, 100 
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Dam  No.  15,  Bear  Creek — Continued. 

1,450  cubic  yards  soiling,  at  50  cents _ _ _  $725 

37,000  cubic  yards  embankment,  at  25  cents _ .  . .  9, 250 

2,000  cubic  yards  puddle,  at  $1  . _  • . . .  2, 000 

5,100  square  yards  slope  paving,  at  70  cents _  3, 570 

4,350  square  yards  sodding,  at  20  cents . .  .  .  870 


Dam  No.  16: 

1  acre  clearing  and  grubbing . . _ . _ .  40 

1  bailing  and  draining . . .  439 

1,300  cubic  yards  surface  stripping,  at  12  cents _  156 

2,200  cubic  yards  excavation  of  earth,  at  20  cents . . .  440 

400  cubic  yards  foundation  excavation  of  liardpan,  at  75 

cents . . .  . . . . . . _ .  300 

1,700  cubic  yards  core- wall  masonry,  at  $4 . . .  6, 800 

650  cubic  yards  broken-stone  lining,  at  $1.50 . .  975 

530  cubic  yards  soiling,  at  50  cents _ _  265 

16,000  cubic  yards  embankment,  at  25  cents  . . .  4.000 

700  cubic  yards  puddle,  at  $1. _ _ _  700 

1,950  square  yards  slope  paving,  at  70  cents _  _ _  1, 365 

1,600  square  yards  sodding,  at  20  cents _  _ _ _  320 


Dam  No.  17,  Skinner  Creek: 

2  acres  clearing  and  grubbing,  at  $40 . .  . . 

1  bailing  and  draining . . . 

2,150  cubic  yards  surface  stripping,  at  12  cents . . 

5,400  cubic  yards  excavation  of  earth,  at  20  cents.  _ _ 

470  cubic  yards  foundation  excavation  of  shale  rock,  at  $1 

3,000  cubic  yards  core- wall  masonry,  at  $4 _ _ 

1.050  cubic  yards  gatehouse  and  discharge-culvert 

masonry,  at  $6 _ _ _ _ 

200  cubic  yards  protection- wall  masonry,  at  $5  _ _ _ 

30  cubic  yards  coping  on  gatehouse  and  protection  walls, 

at  $15 . . . .  .. 

1,225  cubic  yards  puddle,  at  $1 _ _ _ 

25,600  cubic  yards  embankment,  at  25  cents _ _ 

1,100  cubic  yards  broken- stone  lining,  at  $1.50 _ _ 

900  cubic  yards  soiling,  at  50  cents  . . . . . . 

3,300  square  yards  slope  paving,  at  70  cents . 

2,700  square  yards  sodding,  at  20  cents _ _ _ _ 

8,000  pounds  60-inch  steel  pipe,  at  7  cents. . . . 

3,000  pounds  steel  rods,  bolts,  etc.,  at  7  cents  . . . 

800  pounds  6-inch  cast-iron  pipe,  at  2  cents. . . 

120  linear  feet  gate  stems  and  couplings,  at  60  cents _ _ 

60-inch  double  gate  . . . . . . . .... 

2  6-inch  double  gates,  at  $10. . . .  . 

60-inch  flumegate . . . . . 

2  gate  stands,  at  $25  . . . . . . . 

2  gate  stands,  at  $10 . . .  . 

1  gatehouse  super  structure.  .  . . 

bridge  to  gatehouse . . . . . .  . . .  . 


80 

689 

258 

1,080 

470 

$12,000 

6, 300 
1 , 000 


450 
1,225 
6,  400 
1,650 
450 
2,310 
540 
560 
210 
16 
72 

1,200 

20 

400 

50 

20 

800 

250 


Dam  No.  18: 

2  acres  clearing  and  grubbing,  at  $40 . . .  80 

1  bailing  and  draining . .  . . . . .  492 

2,650  cubic  yards  surface  stripping,  at  12  cents  . .  318 


$43. 502 


15,800 


38, 500 


DEEP  WATERWAYS. 


»)2<j 


Dam  No.  18 — Continued. 

1  ,.*>00  cubic  yards  excavation  of  earth,  at  20  cents  .  $300 

720  cubic  yards  foundation  excavation  of  shale  rock,  at  $1.  720 

3,350  cubic  yards  core-wall  masonry,  at  $4  .  13,400 

1 ,500  cubic  yards  puddle,  at  $1 . ~. . . .  1 , 500 

42,00  i  cubic  yards  embankment,  at  25  cents .  .  10. 500 

1.300  cubic  yards  broken-stone  lining,  at  $1.50 .  1.950 

1 . 100  cubic  yards  soiling,  nt  50  cents  .  550 

3,000  square  yards  slope  paving,  at  70  cents .  .  .  .  2. 730 

3.300  square  vards  sodding,  at  20  cents .  000 

-  $33. 200 

Dam  No.  19: 

2  acres  clearing  and  grubbing,  at  $4(> .  80 

1  bailing  and  draining .  379 

2, 2>H)  cubic  yards  surface  stripping,  at  12  cents  .  204 

1.1(  0  cubic  yards  excavation  of  earth,  nt  20  cents  _  220 

OKI  cubic  yards  foundation  excavation  of  hardjwn,  at  75 

cents .  .  . . . .  480 

e 

2,750  cubic  yards  core-wall  masonry,  at  $4  . .  11,000 

24,000  cnbic  yards  embankment,  at  25  cents .  ....  6.000 

1,120  cubic  yards  broken  stone  lining,  at  $1.50  .  1,680 

930  cubic  yards  soiliug,  nt  50  cents  . . .  465 

1,000  cubic  yards  puddle,  at  $1  .  1,000 

3,360  square  yards  slope  paving,  at  70  cents .  2, 352 

2,800  square  yards  sodding,  at  20 cents...  .  560 


-  24, 480 

Dam  No.  20,  South  Branch  Skinner  (’reek: 

3  acres  clearing  and  grubbing,  at  $40 . . 

1  bailing  and  draining  .  . . . 

3.350  cubic  yards  snrface  stripping,  nt  12  cents . 

1,400  cubic  yards  excavation  of  earth,  at  20  cents 
into  cubic  yards  foundation  excavation  of  hard  pan,  nt  75 

cents .  . 

4,000  cubic  yards  core-wall  masonry,  at  $4 . 

1,420  cubic  yards  puddle,  at  $1  . 

37. 000  cubic  yards  embankment,  at  25  cents . 

1,730  cubic  yards  broken-stone  lining,  at  $1.50 . 

1 ,450  cubic  yards  soiling,  at  50  cents 

5,200  square  yards  slope  paving,  at  70  cents . . 

4.350  square  yards  sodding,  nt  20  cents  . 


Dam  No.  21: 

3  acres  clearing  and  grubbing,  at  $40 .  120 

1  bailing  and  draining .  . . . .  726 

4,200  cubic  yards  surface  stripping,  at  12  cents .  504 

4,300  cubic  yards  excavation  of  earth,  at  20  cents  .  .  _  860 

74u  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents . . .  555 

4,750  cubic  yards  core-wall  masonry,  at  $4 .  19, 000 

2,000  cnbic  yards  puddle,  at  $1 .  2. 000 

2,250  cubic  yards  bruken-stoue  lining,  at  $1.50 .  3, 875 

76,500  cubic  yards  embankment,  at  25  cents .  19, 125 

1  ,850  cubic  yards  soiling,  at  50  cents  ...  .  .  . .  925 

6,700  square  yards  slope  paving,  at  70  cents .  .  .  ..  4,690 

5,600  square  yards  sodding,  at  20  cents .  1, 120 


120 

478 

402 

280 

720 
16.000 
l.  ISO 

9. 250 
8,  505 
725 
3. 640 
870 


53,  000 
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Dam  No.  22: 

1  acre  clearing  and  grubbing. 


1  bailing  and  draining _ _ _ __ 

950  cubic  yards  surface  stripping,  at  12  cents . . 

950  cubic  yards  excavation  of  earth,  at  20  cents . 

400  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents _ _ _  . . _ _ _ _ _ _ 

1,180  cubic  yards  core- wall  masonry,  at  $4 . . 

400  cubic  yards  puddle.  at  $1 _ _ _ 

450  cubic  yards  broken-stone  lining,  at  §1.50 . . . 

370  cubic  yards  soiling,  at  50  cents _ _ _ _ _ 

5.400  cubic  yards  embankment,  at  25  cents . . . 

1,350  square  yards  slope  paving,  at  70  cents . . . . 

1,110  square  yards  sodding,  at  20  cents. . . . 

Dam  No.  23: 

1  acre  clearing  and  grubbing . . . . . . . . . 

1  bailing  and  draining . . . . 

1,100  cubic  yards  surface  stripping,  at  12  cents. . . 

2,250  cubic  yards  excavation  of  earth,  at  20  cents.. . . 

400  cubic  yards  foundation  excavation  of  liardpan.  at  75 

cents . . . . .  . . . 

1,500  cubic  yards  core- wall  masonry,  at  $4 . . . 

550  cubic  yards  puddle,  at  §1 . . . 

460  cubic  yards  broken  stone  lining,  at  §1 _ _ _ _ 

400  cubic  yards  soiling,  at  50  cents _ _ _ _ _ 

10.200  cubic  yards  embankment,  at  25  cents _ _ 

1,380  square  yards  slope  paving,  at  70  cents. . . . 

1.200  square  yards  sodding,  at  20  cents . . . 

Dam  No.  24,  Lindsay  Creek: 

1  acre  clearing  and  grubbing . . . . . 

1  bailing  and  draining  . . . . 

900  cubic  yards  surface  stripping,  at  12  cents . . 

400  cubic  yards  excavation  of  earth,  at  20  cents.  . . . 

420  cubic  yards  foundation  excavation  of  shale  rock,  at  $1. 

1,200  cubic  yards  core-wall  masonry,  at  §4. _ _ _ 

350  cubic  yards  broken-stone  lining,  at  §1.50 _  _ 

310  cubic  yards  puddle,  at  $1 . . . . . . . . 

300  cubic  yards  soiling,  at  50  cents . .  . 

4.400  cubic  yards  embankment,  at  25  cents . . 

1,050  square  yards  slope  paving,  at  70  cents. . . 

900  square  yards  sodding,  at  20  cents  _ _ _ 


Dam  No.  25: 

1  acre  clearing  and  grubbing .  . . 

1  bailing  and  draining _ _ _ _ _ _ _ 

1.500  cubic  yards  surface  stripping,  at  12  cents . . . 

5.500  cubic  yards  excavation  of  earth,  at  20  cents _ 

510  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents . . . — . . 

2,275  cubic  yards  core- wall  masonry,  at  §4. . . 

940  cubic  yards  puddle,  at  §1.. . . . . . 

750  cubic  yards  broken-stone  lining,  at  §1.50 . . 

CIO  cubic  yards  soiling,  at  50  cents . .  . . 


§40 

239 

114 

190 

300 

4,640 

400 

675 

185 

1,350 

945 

222 


40 

312 

132 

450 

300 
6,000 
550 
460 
200 
2.  550 
966 
240 


40 
252 
108 
80 
420 
4. 800 
525 
310 
150 
1,100 
735 
180 


40 
284 
180 
1, 100 

405 
9,100 
940 
1. 125 
305 


§  9. 300 


12, 200 


8,700 
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D;im  No.  23— Continued. 

20,800  cubic  yards  embankment,  at  23  cents .  83. 200 

2.230  square  yards  slope  paving,  at  TO  cents .  1.373 

1,830  square  yards  sodding,  at  20  cents .  300 


Dam  No.  26: 

1  acre  clearing  and  grubbing .  40 

1  bailing  and  draining .  203 

POO  cubic  yards  surface  stripping,  at  12  cents  .  108 

300  cubic  yards  excavation  of  earth,  at  20  cents  .  100 

360  cubic  yards  foundation  excavation  of  shale  rock,  at  81 .  3*10 

1,100  cubic  yards  core-wall  masonry,  at  84  .  4, 400 

370  cubic  yards  puddle,  at  81 .  370 

420  cubic  yards  broken-stone  lining,  at  81-50 . .  .  .  630 

850  cubic  yards  soiling,  at  50  cents  . .  173 

7,240  cubic  yards  embankment,  at  23  c  ents .  1. 810 

1,260  square  yards  slope  paving,  at  70  cents  .  882 

1,050  square  yards  sodding,  at  20  cents . .  . .  210 


Dam  No.  27: 

2  acres  clearing  and  grubbing,  at  $40 .  *0 

1  bailing  and  draining  . . .  .  898 

1,900  cubic  yards  surface  stripping,  at  12  cents  . .  .  .  228 

650  cubic  yards  excavation  of  earth,  at  20  cents .  180 

470  cubic  yards  foundation  excavation  of  shale  rock,  at  $1 .  470 

1,930  cubic  yards  core-wall  masonry,  at  $4  .  7,800 

740  cubic  yards  puddle,  at  $1 . .  740 

POO  cubic  yards  broken-stone  lining,  at  81.30  .. .  .  . .  .  .  1,350 

18,40;)  cubic  yards  embankment,  at  25  cents .  4,60*) 

740  cubic  yards  soiling,  at  50  cents  .  .  870 

2,7*>0  square  yards  slope  paving,  at  70  cents  ..  .  1,890 

2,220  square  yards  sodding,  at  20  cents . .  444 


Dam  No.  2s: 

1  acre  clearing  and  grubbing .  40 

1  bailing  and  draining .  127 

*00  cubic  yards  surface  stripping,  at  12  cents  .  96 

520  cubic  yards  excavation  of  earth,  at  20  cents .  104 

400  cubic  yards  foundation  excavation  of  shale  rock,  at  $1 .  40» 

P70  cubic  yards  core- wall  masonry,  at  84 _ _ _ _  _  3, 880 

300  cubic  yards  puddle,  at  $1  300 

330  cubic  yards  broken  stone  lining,  at  $1.30 .  405 

2*0  cubic  yards  soiling,  at  50 cents . .  140 

4,200  cubic  yards  embankment,  at  25  cents  .  .  1,030 

1 ,000  8  juare  yards  paving,  at  70  c  *nts .  700 

*40  square  yards  sodding,  at  20  cents .  1*58 


Dam  No.  29,  Little  Sandy  Creek: 

3  ucres  clearing  and  grubbing,  at  $40 .  120 

1  bailing  and  draining  . . .  1, 885 

1,500  cubic  yards  surface  stripping,  at  12  cents  .  180 

50,000  cubic  yards  excavation  of  earth,  at  20  cents .  10. 000 

2,300  cubic  yards  foundation  excavation  of  shale  rock,  at  $1  2, 300 

1,500  cubic  yards  core-wall  masonry,  at  84.  ..  .  *5.00*) 

1,720  cubic  yards  spillway  and  protection-wall  masonry, 
at  $5 .  8, 600 


820. 600 


9,  350 


18,500 


7,. 500 
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Dam  No.  29,  Little  Sandy  Creek — Continued. 

182  cubic  yards  spillway  and  protection-wall  coping,  at 
$15 . . . . . . .  $2,730 

3.500  cubic  yards  wasteway  paving,  at  $4 .  14, 000 

700  cubic  yards  broken-stone  lining,  at  $1.50 .  1, 050 

600  cubic  yards  soiling,  at  50  cents . .  300 

15,000  cubic  yards  embankment,  at  25  cents .  3,750 

520  cubic  yards  puddle,  at  $1. .  520 

700  cubic  yards  concrete,  at  $5 . . .  . . . .  3, 500 

2,100  square  yards  slope  paving,  at  70  cents... . .  1,470 

1,800  square  yards  sodding,  at  20  cents . .  360 

5,000  feet  B.  M.  pine  timber,  at  $30  per  M .  150 

5,000  feet  B.  M.  oak  timber,  at  $40  per  M. .  200 

400  linear  feet  holes  for  dowels,  at  10  cents . . 40 

200  linear  feet  21-inch  steel  shafting, at  00  cents . .  120 

2.500  pounds  steel  rods,  bolts,  etc.,  at  7  cents . . .  175 

15,000  pounds  steel  I-beams,  at  5  cents _  _ _ _  750 

13  sets  operating  mechanisms  for  spillway  sluices,  at  $100.  1, 300 

turbine,  with  shafting  and  gearing . .  600 

- $59, 550 

Dam  No.  30: 

1  acre  clearing  and  grubbing . . .. . .  ...  40 

1  bailing  and  draining . . . . .  290 

1,250  cubic  yards  surface  stripping,  at  12  cents . .  150 

500  cubic  yards  excavation  of  earth,  at  20  cents .  100 

500  cubic  yards  foundation  excavation  of  shale  rock,  at  $1 .  500 

1,150  cubic  yards  core-wall  masonry,  at  $4 . . .  4, 600 

160  cubic  yards  puddle,  at$l . . .  160 

600  cubic  yards  broken-stone  lining,  at  $1.50 _ _  900 

500  cubic  yards  soiling,  at  50  cents .  250 

9,000  cubic  yards  embankment,  at  25  cents .  2, 250 

1,800  square  yards  slope  paving,  at  70  cents . .  1, 260 

1.500  square  yards  sodding,  at  20  cents . . . .  300 

- - -  10,800 

Dam  No.  31: 

1  acre  clearing  and  grubbing. .  . . .  40 

1  bailing  and  draining . .  294 

800  cubic  yards  surface  stripping,  at  12  cents .  96 

700  cubic  yards  excavation  of  earth,  at  20  cents. .  .  140 

500  cubic  yards  foundation  excavation  of  shale  rock,  at  $1 .  500 

1,050  cubic  yards  core- wall  masonry,  at  $4 . . .  4, 200 

300  cubic  yards  puddle,  at$l. .  300 

300  cubic  yards  broken- stone  lining,  at  $1.50 . 450 

250  cubic  yards  soiling,  at  50  cents  . . 125 

7.500  cubic  yards  embankment,  at  25  cents . . .  1, 875 

900  square  yards  slope  paving,  at  70  cents . . ....  630 

750  square  yards  sodding,  at  20  cents .  150 

- 8,800 

Dam  No.  32: 

1  acre  clearing  and  grubbing . . . .  40 

1  bailing  and  draining . .  .  269 

1,250  cubic  yards  surface  stripping,  at  12  cents .  150 

550  cubic  yards  excavation  of  earth,  at  20  cents _ _  110 

370  cubic  yards  foundation  excavation  of  shale  rock,  at  $1.  370 

1,060  cubic  yards  core- wall  masonry,  at  $4 .  4, 240 

H.  Doc.  149 - 59 
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Dam  No.  32— Continued. 

460  cubic  yards  puddle,  at  $1  --  . 

560  cubic  yards  broken-stone  lining,  at  $1.50 - 

450  cubic  yards  soiliug,  at  50  cents . 

7,000  cubic  yards  embankment,  at  2a  cents - - 

1,680  square  yards  paving,  at  70  cents . 

1,050  square  yards  sodding,  at  20  cents  . 

Dam  No.  38: 

1  acre  clearing  and  grubbing.  . 

1  bailing  and  draining . 

1,400  cubic  yards  surface  stripping,  at  12  cents  . 
1H)0  cubic  yards  excavation  of  earth,  at  20  cents. 
500  cubic  yards  foundation  excavation  of  shale  r< 

1,270  cubic  yards  core-wall  masonry,  at  $1 . 

530  cubic  yards  puddle,  at  $1 . . 

570  cubic  yards  broken-stone  lining,  at  $1.50 - 

460  cubic  yards  soiling,  at  50  cents . 

6,:{oo  cubic  yards  embankment,  at  2.»  cents - 

1,700  square  yards  slope  paving,  at  70  cents - 

1,380  square  yards  sodding,  at  20  cents . 

Dam  No.  34: 

1  acre  clearing  and  grubbing . 

1  bailing  and  draining . . - . 

450  cubic  yards  surface  stripping,  at  12  cents  ... 
500  cubic  yards  excavation  of  earth,  at  20  cents 
2oo  cubic  yards  foundation  excavation  of  shale  l 

460  cubic  yards  core-wall  masonry,  at  $1 - 

175  cubic  yards  puddle,  at  $1  . 

170  cubic  yards  broken-stone  lining,  at  $1.50.  . 

140  cubic  yards  soiling,  ut  50  cents  . 

2,100  cubic  yards  embankment,  at  2  >  cents - 

510  square  yards  slope  paving,  at  70  cents . 

420  square  yards  sodding,  at  20  cents . 


$460 

840 

005 

v  v'» 


1,750 

1,176 

270 

_  $9. 900 

40 

376 

168 

180 

n. 

500 

5,080 

530 

230 

1,575 

1,190 

276 

11.000 

40 

140 

54 

60 

$t. 

200 

1.840 

175 

255 

70 

525 

357 

84 

3.800 


Dams  Nor..  35  and  36: 

2  acres  clearing  and  grubbing,  at  $4o . 

1  bailing  and  draining  .  . 

2,soo  cubic  yards  surface  stripping,  at  12  cents 
3,00o  cubic  yards  excavation  of  earth,  at  Jo  cents 
2.HOO  cubic  yards  core  wall  masonry,  at  $4 
1,100  cubic  yards  puddle,  at  $1  ... 

l,15o  cubic  yards  broken-stone  lining,  at  $1.50  . .. 
1*50  cubic  yards  soiling,  at  50  cents 

12,200  cubic  yards  embankment,  ut  25  cents - 

3,450  square  yards  slope  paving,  at  70  cents. 

2,850  square  yards  sodding,  at  20  cents . 


80 
249 
336 
600 
11,200 
1,100 
1,725 
475 
3. 050 
2.415 
570 


21,800 


Dam  No.  37: 

^  acre  clearing  and  grubbing,  at  $40 . 

1  bailing  and  draining . 

600  cubic  yards  surface  stripping,  at  12  cents . 

500  cubic  yards  excavation  of  earth,  at  20  cents  . 

320  cubic  yards  foundation  excavation  of  shale  rock,  at  $1. 
600  cubic  yards  core- wall  masonry,  at  $4  . 


20 
193 
72 
100 
320 
2.  400 


i 
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Dam  No.  37 — Continued. 

230  cubic  yards  puddle.  at  $1  . .  $230 

230  cubic  yards  broken-stone  lining,  at  $1.50 . 345 

190  cubic  yards  soiling,  at  50  cents . .  95 

2,500  cubic  yards  embankment,  at  25  cents  . . .  625 

700  square  yards  slope  paving,  at  70  cents - . .  490 

550  square  yards  sodding,  at  20  cents . .  110 

-  $5,000 

Dam  No.  38: 

i  acre  clearing  and  grubbing,  at  $40 . . _ . .  20 

1  bailing  and  draining _ _ _ _ _ _  181 

525  cubic  yards  surface  stripping,  at  12  cents .  63 

400  cubic  yards  excavation  of  earth,  at  20  cents .  80 

310  cul)ic  yards  foundation  excavation  of  shale  rock,  at  $1 _  310 

900  cubic  yards  core- wall  masonry,  at  $4  _ .  3, 600 

200  cubic  yards  puddle,  at  $1  _ . . 200 

200  cubic  yards  broken-stone  lining,  at  $1.50 . . __  300 

160  cubic  yards  soiling,  at  50  cents . . . .  80 

2.200  cubic  yards  embankment,  at  25  cents. . - .  550 

600  square  yards  slope  paving,  at  70  cents . 420 

480  square  yards  sodding,  at  20  cents .  96 

- 5,900 

Dam  No.  39: 

1  acre  clearing  and  grubbing. . . . .  40 

1  bailing  and  draining . . . . . .  263 

1.400  cubic  yards  surface  stripping,  at  12  cents  .  168 

4.200  cubic  yards  excavation  of  earth,  at  20  cents .  840 

520  cubic  yards  foundation  excavation  of  shale  rock,  at  $1 .  520 

1,700  cubic  yards  core-wall  masonry,  at  $4  . .  6,800 

800  cubic  yards  puddle,  at$l . . . .  800 

570  cubic  yards  broken-stone  lining,  at  $1.50 . . .  855 

470  cubic  yards  soiling,  at  50 cents . . . . .  235 

8,800  cubic  yards  embankment,  at  25  cents . .  2, 200 

1,710  square  yards  slope  paving,  at  70  cents . .  1, 197 

1,410  square  yards  sodding,  at  20  cents . . . . .  282 

-  14,200 

Dam  No.  40,  Trout  Brook: 

1  acre  clearing  and  grubbing . . . . . .  40 

1  bailing  and  draining . .  . .  254 

1,100  cubic  yards  surface  stripping,  at  12  cents .  .  132 

600  cubic  yards  excavation  of  earth,  at  20  cents  . .  120 

420  cubic  yards  foundation  excavation  of  shale  rock,  at  $1.  420 

1,350  cubic  yards  core-wall  masonry,  at  $4 . . .  5, 400 

450  cubic  yards  puddle,  at$l . . . . .  450 

520  cubic  yards  broken-stone  lining,  at  $1.50 . .  780 

420  cubic  yards  soiling,  at  50  cents . . . .  210 

9,000  cubic  yards  embankment,  at  25  cents . .  2, 250 

1,560  square  yards  slope  paving,  at  70  cents . .  1,092 

1,260  square  yards  sodding,  at  20  cents . . .  252 

- 11,400 

Dam  No.  41 : 

i  acre  clearing  and  grubbing,  at  $40 . .  20 

1  bailing  and  draining . .  290 

625  cubic  yards  surface  stripping,  at  12  cents  .  . . .  75 

2.400  cubic  yards  excavation  of  earth,  at  20  cents  .  _ j.  480 

400  cubic  yards  foundation  excavation  of  shale  rock,  at  $1 .  400 
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Dam  No.  41 — Continued. 

1,100  cubic  yards  core-wall  masonry,  at  $4 .  $4. 4o0 

250  cubic  yards  broken-stone  lining,  at  $1.50 _ _  375 

000  cubic  yards  soiling,  at  50  cents  . . .  300 

370  cubic  yards  puddle,  at  $1 .  . . *. . .  370 

3.700  cubic  yards  embankment. at  25  cents  .  925 

750  h  juare  yards  slope  paving,  at  70  cents . . .  525 

200  square  yards  ,»odding,  at  20  cents .  40 


Dam  No.  42,  South  Branch  of  Trout  Brook: 

2  acres  clearing  and  grubbing,  at  $40  . 

1  bailing  and  draining  ..  .  . 

1,150  cubic  yards  surface  stripping,  at  12  cents  . 

3,000  cubic  yards  excavation  of  earth,  at  20  cents . 

500  cubic  yards  foundation  excavation  of  rock,  at  $1.50  ... 

1,225  cubic  yards  core- wall  masonry,  at  $t . .  . 

450  cubic  yards  gatehouse  and  discharge-culvert  masonry, 

at  $0 . . 

15  cubic  yards  coping  on  gatehouse,  at  $15 . . . 

550  cubic  yards  puddle,  at$l .  . 

470  cubic  yards  broken-stone  lining,  at  $1.50 . 

390  cubic  yards  soiling,  at  50  cents . 

8,000  cubic  yards  embankment,  at  25  cents . 

1,410  square  yards  slojte  paving,  at  70  cents . 

1,170  square  yards  soiling,  at  20  cents  . 

8,000  jtounds  00-inch  steel  pij>e,  at  7  cents  . 

800  ]K>unds  0-inch  cast-iron  pi]>e,at  2  cents.. . 

2,000  pounds  steel  rods,  bolts, etc.,  at  7  cents . 

40  linear  feet  gate  stems  and  couplings,  at  00  cents . 

00-inch  flume  gate . 

00- inch  double  gate . . . . 

2  0-inch  double  gates,  at  $10 . . 

2  gate  stands,  at  $25  . . 

2  gate  stands,  at  $10 . . . . . 

1  gatehouse  substructure . . . . 

bridge  to  gatehouse . .  . 


80 

506 

138 

000 

750 

4,900 

2, 700 
225 
550 
705 
195 
2,000 
987 
234 
500 
10 
140 
24 
400 
1,000 
20 
50 
20 
800 
150 


Dam  No.  43: 

1  acre  clearing  and  grubbing  .  . .  40 

800  cubic  yards  surface  stripping,  at  12  cents .  90 

3,500  cubic  yards  embankment,  at  25  cents  . . .  875 

480  cubic  yards  puddle,  at  $1 . .  480 

330  cubic  yards  broken-stone  lining,  at  $1.50 . 495 

280  cubic  yards  soiling,  at  50  cents .  140 

500  cubic  yards  excavation  of  earth,  at  20  cents .  100 

1,000  square  yards  slob  paving,  at  70  cents .  700 

840  square  yards  sodding,  at  20  cents . .  108 


Dam  No.  44: 

1  acre  clearing  and  grubbing .  40 

1  balling  and  draining .  221 

700  cubic  yards  surface  stripping,  at  12  cents  .  84 

2.000  cubic  yards  excavation  of  earth,  at  20  cents .  400 

280  cubic  yards  foundation  excavation  of  lmrdpan.  at  75 

cents . . . 210 


$8, 200 


17,750 


3,100 
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Dam  No.  44 — Continued. 

810  cubic  yards  core-wall  masonry,  at  $4. . $3,240 

400  cubic  yards  puddle,  at  $1._ .  400 

300  cubic  yards  broken-stone  lining,  at  $1.50 .  450 

250  cubic  yards  soiling,  at  50  cents  . .  125 

4.200  cubic  yards  embankment,  at  25  cents .  1,050 

900  square  yards  paving,  at  70  cents . _.  630 

750  square  yards  sodding,  at  20  cents . . .  150 

-  $7, 000 

Dam  No.  4T>,  Orwell  Brook: 

1  acre  clearing  and  grubbing . _ . _ .  40 

1  bailing  and  draining  . . . . .  262 

1,025  cubic  yards  surface  stripping,  at  12  cents . ...  123 

3.200  cubic  yards  excavation  of  earth,  at  20  cents . .  640 

500  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents . . . . .  375 

1,850  cubic  yards  core-wall  masonry,  at  $4 _ _  7,400 

700  cubic  yards  puddle,  at  $1. . _.  700 

600  cubic  yards  broken-stone  lining,  at  $1.50.  . .  900 

500  cubic  yards  soiling,  at  50  cents . . 250 

9,000  cubic  yards  embankment,  at  25  cents .  2, 250 

1,800  square  yards  slope  paving,  at  70  cents .  1,260 

1,500  s  juare  vards  sodding,  at  20  cents . .  300 

-  14, 500 

Dam  No.  46: 

1  acre  clearing  and  grubbing . . .  40 

1  bailing  and  draining . .  . .  233 

1,100  cubic  yards  surface  stripping,  at  12  cents . . .  132 

1.200  cubic  yards  excavation  of  earth,  at  20  cents _  240 

900  cubic  yards  core-wall  masonry,  at  $4 .  3, 600 

500  cubic  yards  puddle,  at$l . 500 

400  cubic  yards  broken-stone  lining,  at  $l.o0 . 600 

330  cubic  yards  soiling,  at  50  cents . . 165 

5,000  cubic  yards  embankment,  at  25  cents . .  1, 250 

1,200  square  yards  paving,  at  70  cents. .  840 

1,000  square  yards  sodding,  at  20  cents .  200 


Dam  No.  47,  Salmon  River: 

5  acres  clearing  and  grubbing,  at  $40. . .  200 

1  bailing  and  draining . . .  7,  560 

10,000  cubic  yards  excavation  of  earth,  at  20  cents .  2, 000 

70,000  cubic  yards  excavation  of  sandstone  rock,  at  65  cents.  45, 500 
25,000  cubic  yards  backing  and  core- wall  masonry,  at  $5  ..  125, 000 
5,000  cubic  yards  face  masonry,  at  $7 . . . . .  35, 000 

7.200  cubic  yards  granite  spillway  masonry,  at  $15. .  108, 000 

500  cubic  yards  granite  coping  on  spillway,  at  $25 .  12, 500 

200  cubic  yards  coping  on  dam  and  wing  walls,  at  $15  .  ..  3, 000 

3,000  cubic  yards  concrete,  at  $5  . ..  .  .  .  . .  15,000 

8,000  cubic  yards  embankment,  at  25  cents .  2, 000 

400  cubic  yards  broken-stone  lining,  at  $1.50 .  600 

1.200  square  yards  slope  paving,  at  70  cents. . .  840 

800  linear  feet  holes  for  dowels,  at  10  cents .  80 

250  linear  feet  gate  stems  with  couplings,  at  60  cents .  150 

5,000  feet  B.  M.  oak  timber,  at  $40  per  M . . .  200 

5,000  feet  B.  M.  pine  timber,  at  $30  per  M  . .  150 

l  ' 
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Dam  No.  47.  Salmon  River— Continued. 

24,000  pounds  7 2  and  30  inch  steel  pipe,  at  7  cents 
10,000  pounds  steel  rods,  bolts,  etc.,  at  7  cents  .. 

4,000  pounds  0-inch  cast-iron  pipe,  at  2  cents - 

2  72-inch  double  gates,  at  $1,500 . 

36-inch  double  gate . 

6  6-inch  double  gates . 

2  72-inch  flume  gates,  at  $700  - - 

36-inch  flume  gate . 

4  gate  stands,  at  $25  . . 

2  gate  stands,  at  $20 . 

6  gate  stands,  at  $10 . 

1  gatehouse  superstructure . 


$1 . 680 
700 
80 
3,000 
350 
60 
1.400 
250 
100 
40 
60 

1.000 


$366, 500 


Dam  No.  4V  No  dam  required. 

Dam  No.  40: 

4  acre  clearing  and  grubbing,  at  $40  . 

1  bailing  and  draining .  . 

500  cubic  yards  surface  stripping,  at  12  cents . 

Goo  cubic  yards  excavation  of  earth,  at  20  cents . — 

540  cubic  yards  core- wall  masonry,  at  $5 . 

240  cubic  yards  puddle,  at  $1 . . .  .  . 

200  cubic  yards  broken-stone  lining,  at  $1.50 . . 

170  cubic  yards  soiling,  at  50  cents  . . 

3,5<H)  cubic  yards  embankment,  a*  25  cents  . — 

6O0  square  yards  slope  paving,  at  70  cents . 

500  square  yards  sodding,  at  20  cents  . 


20 

180 

60 

120 

2,700 

240 

300 

85 

875 

420 

100 


Dam  No.  50.  Beaver  Dam  Brook,  to  be  a  timber  dam.  to  cost 

complete  .....  . 

Dam  No.  51.  Drop  into  Upper  KasOag  Pond: 

2  acres  clearing  and  grubbing,  at  $10 .  . 

1  hailing  and  draining  .  ...  - . 

1,000  cubic  yards  surface  stripping,  at  12  ceuts  . 

80.000  cubic  yards  excavation  of  earth,  at  20  cents  . 

1,400  cubic  yards  core- wall  masonry,  at  $  » 

3,000  cubic  yards  spillway  and  protection-wall  masonry, 

at  $6 

2o0  cubic  yards  coping  on  spillway  and  protection  walls, 
at  $15  . .  . 

700  cubic  yards  puddle,  at  $1  . 

1,650  cubic  yards  wasteway  paving,  at  $4 . 

1,0.50  cub  c  yards  broken-stone  lining,  at  $l.->0 . 

300  cubic  yards  soiling,  at  50  cents  . 

7,000  cubic  yards  embankment,  at  25  cents -  .  - . 

350  s  piare  yards  slope  paving,  at  70  cents . 

900  s  uare  yards  sodding,  at  20  cents  . .  . 

300  linear  feet  holes  for  dowels,  at  10  cents . 

2,000  pounds  steel  rods,  at  7  cents . 


80 

1,430 

120 

16, 000 
7.  <XK) 

1H.UO0 

3,000 
TOO 
6. 600 
1 . 575 
ISO 
1,750 
245 
180 
30 
140 


Dam  No.  52.  Drop  from  Lower  Kasoag  Pond  to  Fish  Creek: 

4  acres  clearing  and  grubbing,  at  $40  . . 

1  bailing  and  draining .  . -  . 

60,000  cubic  yards  excavation  of  earth,  at  20  cents  . 

600  cubic  yards  rubble  masonry,  at  $5 . 


160 

1,020 

12,000 

3,000 


5, 100 


1,000 


57,000 
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Dam  No,  52— Continued. 

4,000  cubic  yards  spillway  and  protection- wall  masonry, 

at  $6 .  . . . .  . .  $24,000 

300  cubic  yards  coping  on  spillway  and  protection  walls, 

at  $15 . . . .  . . . .  .  4,500 

400  cubic  yards  puddle,  at$l . . . .  400 

10,  400  cubic  yards  wasteway  paving,  at  $4_ . .  41, 600 

3,000  cubic  yards  embankment,  at  25  cents. . .  750 

300  linear  feet  holes  for  dowels,  at  10  cents . .  30 

2,000  pounds  steel  rods,  at  7  cents . . .  140 

-  $87, 600 

Dam  No.  53,  head  of  flood  water  channel  above  Camden: 

1  bailing  and  draining  .  _  .  .  _ _  1,870 

16,000  cubic  yards  excavation  of  earth,  at  20  cents  _  _  _  3,  200 

1. 400  cubic  yards  spillway  and  protection- wall  masonry,  at 

$5 . . . . . . . .  .  7.000 

170  cubic  yards  coping  on  spillway  and  protection  walls, 

at  $15 . . . . .  2,550 

300  cubic  yards  puddle,  at  $1 . . .  . . .  300 

2,000  cubic  yards  embankment,  at  25  cents. . .  500 

1,200  cubic  yards  wasteway  paving,  at  $4. .  4.  800 

8,000  feet  B.  M.  pine  timber,  at  $30  per  M . .  240 

8,000  feet  B.  M.  oak  timber  at  $40  per  M . . .  320 

500  linear  feet  holes  for  dowels,  at  10  cents _ 50 

400  linear  feet  2^-inch  steel  shafting,  at  60  cents _  240 

3,000  pounds  steel  rods,  bolts,  etc.,  at  7  cents  . . .  210 

22.400  pounds  steel  I-beams,  at  5  cents . . . .  1, 120 

20  sets  operating  mechanisms  for  spillway  sluices,  at  $100.  2,  000 

1  turbine,  with  gearing  and  shafting,  at  $600  . .  600 

-  25, 000 

Dam  No.  54.  West  Branch  Fish  Creek: 

4  acres  clearing  and  grubbing,  at  $40 .  160 

1  bailing  and  draining . . . . .  3,080 

500  cubic  yards  surface  stripping,  at  12  cents .  60 

28,000  cubic  yards  excavation  of  earth,  at  20  cents _  5,600 

5,000  cubic  yards  rubble-masonry  backing,  at  $5 .  25, 000 

1,500  cubic  yards  faces  masonry,  at  $7 _ _ _  .  10,500 

1,700  cubic  yards  granite  spillway  masonry,  at  $15 _  25.500 

750  cubic  yards  protection-wall  masonry,  at  $6. . .  _  4,500 

100  cubic  yards  coping  on  gatehouse  and  protection  walls, 

at  $15.. _ _ _ _ _ _  1,500 

1,800  cubic  yards  waste  way  paving,  at  $4 .  7,200 

4,000  cubic  j'ards  embankment,  at  25  cents. .  1, 000 

200  cubic  yards  puddle,  at  $1 . . 200 

300  cubic  yards  broken-stone  lining,  at  $1.50 .  450 

200  cubic  yards  soiling,  at  50  cents . . 100 

900  square  yards  slope  paving,  at  70  cents .  630 

600  square  yards  sodding,  at  20  cents . .  120 

400  linear  feet  holes  for  dowels,  at  10  cents . .  40 

10,000  feet  B.  M.  oak  timber,  at  $40  per  M . .  400 

3,000  pounds  steel  rods  and  bolts,  at  7  cents . .  210 

3  4  by  8  feet  sluice  gates,  at  $100  . . . . .  300 

3  lifting  apparatus  for  sluice  gates,  at  $50 .  150 

1  gatehouse  superstructure .  800 


87, 500 


DERI*  WATERWAYS. 


931) 


Dam  No.  55: 

2  acres  clearing  ami  grubbing,  at  $40 .  $80 

1  bailing  ami  draining . . . .  416 

1,700  cubic  yards  surface  stripping,  at  12  cents .  204 

10,000  cubic  yards  excavation  of  earth,  at  20  cents .  2.000 

2,600  cubic  yards  core-wall  masonry,  at  .5  .  15.000 

1.500  cubic  yards  puddle,  at  $1  .  1.500 

800  cubic  yards  broken-stone  lining,  at  $1 .50 .  1 . 200 

700  cubic  yards  soiling,  at  50  cents . .  350 

10,000  cubic  yards  embankment,  at  25  cents . .  4. 750 

2.400  square  yards  slope  paving,  at  70  cents  .  1.680 

2,100  square  yards  sodding,  at  20  cents .  420 

-  $25, 600 

Dam  No.  56: 

3  acres  clearing  and  grubbing,  at  $40 .  120 

1  bailing  and  draining  . .  776 

4,200  cub  c  yards  surface  stripping,  at  12  cents  .  504 

2.500  cubic  yards  excavation  of  earth,  at  20  cents .  500 

1,4  X)  cubic  yards  foundation  excavation  of  hard  pan,  at  76 

cents .  .  .  1,050 

4.400  cubic  yards  core-wnll  masonry,  at  $5  .  22. 000 

2.500  cubic  yards  puddle,  at  $1 .  2,500 

2,000  cubic  yards  broken-stone  lining,  at  $1.50  .  3,000 

1,700  cubic  yards  Boiling,  at  50  cents  ..  . .  . .  850 

80, 000  cubic  yards  embankment,  at  25  cents .  7.500 

6, (XX)  square  yards  slope  paving,  at  70  cents .  4. 200 

5,000  square  vards  sodding,  nt  20  cents .  1,(KX) 

-  44.000 

Dam  No.  57.  East  Branch  Fish  Creek: 

5  acres  clearing  and  grubbing,  at  $40  . .  200 

1  bailing  and  draining .  2,520 

7.500  cubic  yards  surface  stripping,  at  12  cents  .  900 

95, ooo  cubic  yards  excavation  of  earth,  at  20  cents.  .  .  19,  (XX) 

3,ooo  cubic  yards  foundation  excavation  of  hardpan.  at  75 

cents  .  2, 250 

1  7.(hm»  cubic  yards  core-wall  and  spillway  masonry, at  $5  85,  Ooo 

5,000  cubic  yards  protection-wall  masonry,  at  $6  30,000 

580  cubic  yards  coping  on  spillway  and  protection  walls. 

at  $15  .  .  .  8,700 

37,000  cubic  yards  wasteway  paving,  at  $4  .  148. 000 

5,300  cubic  yards  puddle,  at  $1  5,300 

3.400  cubic  yards  broken-stone  lining,  at  $1.50 .  5, 100 

2,900  cubic  yards  soiling,  at  50  cents .  .  1,450 

G'Umh)  cubic  yards  embankment,  at  25  cents  .  17. 000 

10,000  square  yards  sloj>e  paving,  at  70  cents .  7,000 

8,7<X)  square  yards  sodding,  at  20  cents  . . .  1,740 

10,000  feet  11.  M.  oak  timber,  at  $40  per  M  .  400 

10.(M)0  feet  B.  M.  pine  timlier,  at  $30  per  M .  300 

000  linear  feet  holes  for  dowels,  at  10  cents . 60 

500  linear  feet  21-inch  steel  shafting,  at  60  cents .  300 

4, oik)  {toumis  steel  rods,  l*olts,  etc.,  at  7  cents .  280 

2H,i)00  pounds  steel  I-beams,  at  5  cents  .  1,400 

25  sets  mechanism  for  spillway  sluices,  at  $100 .  2,  500 

1  turbine  with  gearing  and  shafting,  at  $600 .  600 


340, 000 
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Dam  No.  58: 

5  acres  clearing  and  grubbing,  at  $40 .  $200 

1  bailing  and  draining  _  . . .  2,300 

9,000  cubic  yards  surface  stripping,  at  12  cents .  1, 080 

100,000  cubic  yards  excavation  of  earth,  at  20  cents .  20, 000 

18.200  cubic  yards  core- wall  masonry,  at  $5 .  91, 000 

7,500  cubic  yards  puddle,  at$l .  7,  500 

4.400  cubic  yards  broken-stone  lining,  at  $1.50 .  G,  600 

3.800  cubic  yards  soiling,  at  50  cents .  1,900 

190,000  cubic  yards  embankment,  at  25  cents .  47,500 

13.200  square  yards  slope  paving,  at  70  cents .  9, 240 

11.400  square  yards  sodding,  at  20  cents .  2, 280 

168,000  feet  B.  M.  hemlock  timber,  at  $20  per  M .  3,360 

1,000  pounds  steel  spikes,  at  4  cents . . .  40 

-  $193, 000 

Dam  No.  59: 

1  acre  clearing  and  grubbing .  40 

1  bailing  and  draining .  . . .  610 

700  cubic  yards  surface  stripping,  at  12  cents .  84 

1.800  cubic  yards  excavation  of  earth,  at  20  cents .  360 

1,250  cubic  yards  core-wall  masonry,  at  $5 _ . _  6,250 

530  cubic  yards  puddle,  at  $1 . . . .  530 

360  cubic  yards  broken-stone  lining,  at  $1.50 .  540 

300  cubic  yards  soiling,  at  50  cents .  - .  150 

14,000  cubic  yards  embankment,  at  25  cents . .  3, 500 

1,080  square  yards  slope  paving,  at  70  cents _ _ _  756 

900  square  yards  sodding,  at  20  cents .  180 

-  13, 000 

Dam  No.  60: 

2  acres  clearing  and  grubbing,  at  $40 .  80 

1  bailing  and  draining  _ _ _ _  _ _ 291 

1,700  cubic  yards  surface  stripping,  at  12  cents .  204 

600  cubic  yards  excavation  of  earth,  at  20  cents . .  120 

950  cubic  yards  core-wall  masonry,  at  $5 . . . ..  4,750 

430  cubic  yards  puddle,  at  $1 . . . .  ..  430 

450  cubic  yards  broken-stone  lining,  at  $1.50 .  675 

370  cubic  yards  soiling,  at  50  cents . . .  185 

16.400  cubic  yards  embankment,  at  25  cents . .  4, 100 

1,350  square  yards  slope  paving,  at  70  cents .  945 

1,100  square  yards  sodding,  at  20  cents . . .  220 

-  12,000 

Dam  No.  61: 

1  acre  clearing  and  grubbing . . .  40 

1  bailing  and  draining  . . . .  325 

1,250  cubic  yards  surface  stripping,  at  12  cents .  150 

700  cubic  yards  excavation  of  earth,  at  20  cents .  140 

1,300  cubic  yards  core- wall  masonry,  at  $5 . . .  6,500 

600  cubic  yards  puddle,  at  $1 . .  600 

650  cubic  yards  broken-stone  lining,  at  $1.50 .  975 

550  cubic  yards  soiling,  at  50  cents .  275 

26,000  cubic  yards  embankment,  at  25  cents  . .  6, 500 

1,950  square  yards  slope  paving,  at  70  cents .  1, 365 

1,650  square  yards  sodding,  at  20  cents . .  330 
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Dam  No.  62: 

l  ae  ro  clearing  and  grabbing . . . - .  $40 

t  bailing  and  draining . .  132 

800  cubic  yards  surface  stripping,  at  12  cents . .  96 

900  cubic  yards  excavation  of  earth,  at  20  cents - -  180 

725  cubic  yards  core- wall  masonry,  at  $5 .  3, 625 

4(M)  cubic  yards  puddle,  at  $1  .  400 

810  cubic  yards  broken-stone  lining,  at  $1.50..., _  465 

260  cubic  yards  soiling,  at  50  cents  .  130 

4,500  cubic  yards  embankment,  at  25  cents .  1, 125 

980  square  yards  slope  paving,  at  70  cents _ _ _  651 

780  square  yards  sodding,  at  20  cents . . .  156 


Dam  No.  63: 

1  acre  clearing  and  grubbing . .  40 

1  bailing  and  draining . . .  263 

700  cubic  yards  surface  stripping,  at  12  cents . ..  84 

6(H)  cubic  yards  excavation  of  earth,  at  20  cents .  120 

725  cubic  yards  core- wall  masonry,  at  $5 . 3,625 

350  cubic  yards  puddle,  at  $1 . 350 

340  cubic  yards  broken-stone  lining,  at  $1 .50 . 510 

280  cubic  yards  soiling,  at  50  cents  . 140 

10,000  cubic  yards  embankment,  at  25  cents . .  2,500 

1,000  square  yards  slope  paving,  at  70  cents . . . .  700 

840  square  yards  sodding,  at  20  cents . . . . .  168 


Dam  No.  64,  Beaver  Creek: 

1  acre  cleariug  and  grubbing . . . . .  40 

1  bailing  and  draining  . . .  1,068 

1,100  cubic  yards  surface  stripping,  at  12  cent*  .  132 

15, <K)0  cnbic  yards  excavation  of  earth,  at  20  cents .  3,000 

2.500  cubic  yards  core- wall  masonry,  at  $5 .  12.500 

4,300  cubic  yards  puddle,  at  $1  . . .  4,300 

500  cubic  yards  broken-stone  lining,  at  $1.50  . .  750 

400  cubic  yards  soiling,  at  50  cents  .  . .  200 

20.00O  cubic  yards  embankment,  at  25  cents . 5,000 

1.500  Bquare  yards  slope  paving,  at  70  cents  . .  1, 050 

1,200  square  yards  sodding,  at  20  cents  . 240 

31,000  feet  B.  M.  hemlock  timber,  at  $20  per  M .  620 

52,000  feet  B.  M.  oak  timber,  at  $40  per  M  . . . .  2,080 


Dam  No.  65: 

1  acre  clearing  and  grubbing . . . .  40 

1  lading  and  draining  . . . . .  1,064 

1,300  cubic  yards  surface  stripping,  at  12  cents .  156 

16,000  cubic  yards  excavation  of  earth,  at  20  cents  .  3,200 

8,500  cubic  yards  core-wall  masonry,  at  $5 . . .  17, 500 

1,650  cubic  yards  puddle,  at$l .  1, 650 

530  cubic  yards  broken-stone  lining,  at  $1.50 .  795 

430  cubic  yards  soiling,  at  50  cents  .  . .  215 

20,000  cnbic  yards  embankment,  at  25  cents . . .  5,000 

1,600  square  yards  slope  paving,  at  70  cents . .  1, 120 

1,300  square  yards  sodding,  at  20  cents .  260 
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Dam  No.  65A: 

5  acres  clearing  and  grubbing,  at  $40 .  $200 

1  bailing  and  draining .  . . .  2, 004 

1,250  cubic  yards  surface  shipping,  at  12  cents _ _ _  150 

90,000  cubic  yards  excavation  of  earth,  at  20  cents  . . .  18, 000 

1,200  cubic  yards  foundation  excavation  of  rock,  at  $1,50..  1, 800 

8,000  cubic  yards  core- wall  and  spillway  masonry,  at  $5. .  .  40, 000 

900  cubic  yards  protection- wall  masonry,  at  $6 . .  5, 400 

200  cubic  yards  coping  for  spillway  and  protection  wall, 

at  $15 . . . .  3,000 

5.600  cubic  yards  wasteway  paving,  at  $4 .  22, 400 

2,400  cubic  yards  puddle,  at  $1.  . .  2,400 

500  cubic  yards  broken-stone  lining,  at  $1.50 .  750 

400  cubic  yards  soiling,  at  50  cents . .  200 

45,000  cubic  yards  embankment,  at  25  cents .  11, 250 

1,500  square  yards  slope  paving,  at  70  cents . . .  1, 050 

1.200  square  yards  sodding,  at  20  cents  . . .  240 

300  linear  feet  holes  for  dowels,  at  10  cents .  30 

1,800  pounds  steel  rods,  at  7  cents .  126 

-  $109, 000 

Dam  No.  66,  Canada  Creek: 

6  acres  clearing  and  grubbing,  at  $40 . . .  240 

1  bailing  and  draining  . . . . .  5,885 

124,000  cubic  yards  excavation  of  earth,  at  20  cents. .  24, 800 

2.200  cubic  yards  foundation  excavation  of  rock,  at  $1.50..  3, 300 

22,000  cubic  yards  core- wall  and  spillway  masonry,  at  $5..  110. 000 

3.600  cubic  yards  protection-wall  masonry,  at  $6 _  21, 600 

250  cubic  yards  spillway  and  protection-wall  coping,  at 

$15 .  . . . . .  3,750 

9,000  cubic  yards  wasteway  paving,  at  $4 .  36. 000 

8,000  cubic  yards  puddle,  at  $1 . .  8, 000 

2,100  cubic  yards  broken-stone  lining,  at  $1.50 . .  3, 150 

1.500  cubic  yards  soiling,  at  50  cents  . .  750 

120,000  cubic  yards  embankment,  at  25  cents . .  30, 000 

6,300  square  yards  slope  paving,  at  70  cents . .  4, 410 

4.500  square  yards  sodding,  at  20  cents .  900 

400  linear  feet  holes  for  dowels,  at  10  cents . .  40 

2.500  pounds  steel  rods,  at  7  cents . .  175 

■ -  253. 000 

Total  cost  of  Black  River  feeder . . . . .  11, 008, 552 

Enlargement  of  outlet  channels  from  existing  reservoirs  on  Moliawk- 
Susquehanna  Divide . . . . . . .  10, 000 


Amount,  including  Black  and  Salmon  rivers  reservoirs .  18,080, 752 

Engineering  and  contingencies,  about  10  per  cent  . . . . .  1. 808. 075 


Total  estimated  cost  of  water-supply  system .  19, 838, 827 

ESTIMATED  COST  OF  ALTERNATIVE  TUNNEL  LINE. 

Plate  93  shows  two  methods  of  bringing  water  from  the  proposed 
Black  River  reservoir  to  the  main  ship  canal.  The  first  is  by  the  open 
feeder,  beginning  at  Carthage  and  constructed  via  Rutland  Hollow, 
Sandy  Creek,  Kasoag,  and  west  branch  of  Fish  Creek,  etc.,  to  the 
main  ship  canal  near  Fort  Bull.  An  objection  to  this  line  is  that  it 
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delivers  the  water  too  near  the  west  end  of  summit  level.  As  an 
alternative  proposition,  general  studies  have  been  made  of  a  tunnel 
line  from  Lyon  Falls  through  the  intervening  ridge  into  the  valley 
of  upper  Mohawk  River  at  the  village  of  Northwestern.  This  tunnel 
would  be  20.5  miles  in  length,  and  the  estimates  have  been  prepared 
on  the  basis  of  a  fall  of  12d  feet  bet  ween  its  1  wo  ends.  A  profile  of  the 
same,  derived  from  the  data  of  Hlnek  River  Canal,  is  shown  on  pi.  141. 
The  detail  of  the  tunnel  line  has  not  been  worked  up,  but  so  far  as 
surfaee  indications  go  the  first  few  miles  from  Lyons  Falls  would  lie 
in  t  he  Laurent  inn  granite  rocks  of  t  he  Adirondack  region.  'Flu*  work 
would  then  pass  into  the  Trenton  limestone.  The  lust  few  miles  of 
the  work — between  some  point  to  the  south  of  Hoonvillo  and  North¬ 
western — would  lie  iu  the  rocks  of  Hudson  River  and  I’tiea  forma- 
t  ions,  which  include,  among  ot hers,  the  ( fswcgo sandstone.  It  is  quite 
possible,  therefore,  that  an  examination  might  show  this  an  econom¬ 
ical  line  to  construct.  Without  going  into  the  detail,  it  may  be  stated 
that  the  assumed  grade  would  require — fora  section  lined  throughout 
its  whole  length — a  channel  12  feet  wide  and  12  feet  deep;  such  a  sec¬ 
tion  lined  with  smooth  brick,  permitting  a  flow  of,  roundly,  1,200  cubic 
feet  per  second.  Where  lining  is  required  it  is  proposed  to  use  brick 
masonry  in  four  courses,  with  an  invert  at  the  bottom  and  with  a 
semicircular  arch  at  the  top.  With  some  allowance  for  tilling  irregu¬ 
larities  in  the  rook,  the  brick  masonry  of  such  a  section  may  be  esti¬ 
mated  at  4  cubic  yards  per  running  foot,  the  rock  excavation 
amounting  to  12  cubic  yards  per  running  foot. 

Iu  making  tin*  following  estimates  shafts  have  been  assumed  1  mile 
apart.  Dimensions  proposed  for  the  shafts  are  10  feet  by  ll>  feet, 
which  give,  say,  7  cubic  yards  per  running  foot. 

We  may  write  a  trial  estimate  per  linear  foot  of  tunnel,  as  follows: 


12  cubic  yards  of  rock  excavation,  at  an  average  price  of  $3.  . .  . $36 

4  cubic  yards  of  brick  masonry  with  vitrified  brick  facing,  at  an  average  of  $12.  48 

Incidentals .  1 


Total . .  . : . $85 

On  the  foregoing  basis  a  complete  estimate  for  20.5  miles  of  tunnel 
with  lining  would  stand  as  follows: 

20.5  miles  of  tunnel  equals  10s,2401inear  feet,  at  $s'>  per  linear  foot  .  $9, 200. 400 

4,9on  linear  feet  of  shafts,  7  cubic  yards  per  linear  foot,  at  $4  per  cubic 

yard.  .  187,900 

1  portal  at  lower  end  of  tunnel,  including  channel  protection  below 


same . . . . . .  . . . .  80,000 

Gatehouse  and  regulating  works  at  upper  end  of  tunnel .  150, 000 

Dredging  channel  of  Black  River  ...  . .  400, 000 

35,000  cubic  yards  of  refilling  shafts,  at  20  cents  .  7,000 


Special  strengthening  masonry  under  shafts  in  order  to  stand  refilling.  75,  400 


Amount 


$10, 000, 000 
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The  foregoing  estimate  may  be  taken  as  a  maximum,  the  prices  used 
being  large  enough,  it  is  believed,  to  cover  quite  adverse  conditions, 
such  as  rock  difficult  to  work  and  considerable  quantities  of  water  to 
be  cared  for.  Lining  is  provided  throughout  the  whole  length, 
although  it  is  probable  that  lining  will  not  be  required  for  more  than 
one-half  the  entire  length. 

The  following  estimate  may  be  taken  to  represent  the  possible  mini¬ 
mum  cost  of  this  tunnel. 

In  this  second  estimate  it  is  assumed  that  one-half  of  the  tunnel 
will  not  need  lining.  The  section  for  this  portion  is  taken  equal  to 
243  square  feet,  or  9  cubic  yards  per  linear  foot.  The  minimum  esti¬ 


mated  cost  per  linear  foot  with  lining  is  as  follows: 

12  cubic  yards  of  rock  excavation,  at  $3 . . . .  $36 

4  cubic  yards  of  brick  masonry,  at  $10 . _ . .  .  40 

Incidentals . .  - . . . . . .  1 


Total . . . . . . . . . .  $77 

MINIMUM  COMPLETE  ESTIMATE. 

54,120  linear  feet  of  tunnel  with  lining,  at$77 _ >. . . . . $4, 167,  240 

54,120  linear  feet  of  tunnel  without  lining  9  cubic  yards  of  rock  exca¬ 
vation,  at  $3,  $27  per  linear  foot  .  .  . .  1,461,240 

4,900  linear  feet  of  shaft,  7  cubic  yards  per  linear  foot,  at  $3  per  cubic 

yard  .  . .  . .  102, 900 

Portal  at  lower  end  and  channel  protection .  25, 000 

Gatehouse  and  regelating  works  at  upper  end  . . . .  125,  U00 

Dredging  channel  of  Black  River . . .  400. 000 

Refilling  shafts  .. _  . . . . _ . .  7,000 

Special  strengthening  of  masonry  under  shafts . . .  69. 860 


Amqunt . . . . . . . . . $6,358,240 


The  actual  cost  of  this  tunnel,  if  ever  constructed,  may  be  expected 
to  fall  somewhere  between  the  two  values  of  $10,000,000  and  $6,358,- 
240.  For  purposes  of  comparison  we  will  take  it  at  $8,000,000. 

With  the  tunnel  line  adopted,  if  we  assume  Salmon  River  reservoir 
as  still  required,  we  may  consider  the  following:  In  order  to  save  con¬ 
structing  a  channel  from  Salmon  River  to  Ivasoag,  it  would  be  prefer¬ 
able  to  cut  the  necessary  outlet  channel  from  Dam  No.  76  into  head 
waters  of  Mad  River,  which  is  tributary  to  west  branch  of  Fish  Creek 
at  Camden.  This  plan  would  sacrifice  about  1,000,000,000  cubic  feet 
of  Salmon  River  storage,  it  being  impossible  to  draw  from  the  vicinity 
of  Dam  No.  76  below  about  the  918  level.  The  approximate  cost  of 
discharge  channel  and  regulating  works  at  Dam  No.  76  would  be 
$150,000.  There  would  also  be  required  a  channel  of  the  nominal 
capacity  of  from  300  to  400  cubic  feet  per  second  from  Dam  No.  54, 
above  Taberg,  to  main  ship  canal  near  Fort  Bull. 

We  may  now  write  a  complete  estimate  of  the  cost  of  water  supply 
by  the  alternative  tunnel  line,  including  Salmon  and  Black  rivers 
reservoirs,  a  feeder  channel  from  Dam  No.  54  to  Fort  Bull,  together 
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with  the  enlargement  of  the  outlet  channel  from  prison t  State  reser- 
voirs  on  Mohawk-Susquehanna  divide. 

Tin*  following  is  tin*  complete  estimate: 

Tunnel  complete,  as  per  preceding  estimate  . . . . .  $8,000, 000 

Black  River  reservoir,  as  estimated . . . .  5, 712, 000 

Salmon  River  reservoir,  as  estimated  .  1,850.000 

Discharge  channel  and  regulating  works  at  Dam  No.  70 .  150,000 

Land  and  water  power  damages  in  upper  Mohawk  valley .  ..  80,000 

Dam  No.  54  .  ‘ . 

Dam  No.  55 . .  25.600 

Dam  No.  56 . .  1 1.  100 

Dam  No.  57  ..  . .  .  8 to.  ‘ M o > 

I  lain  Now  08  .  ...  108, 000 

1  lain  N 1 1  00  000 

Dam  No.  60 . 12.000 

Dam  No.  61 .  17.200 

Dam  No.  62 . .  7 , 000 

Dam  No.  63 . 8,500 

Dam  No.  64 .  31.000 

Dam  No.  65  31.000 

Dam  No.  65 A . 109,000 

Dam  No.  66  868.000 

2,000  acres  of  land,  at  $15 .  .....  . .  30.000 

70  acres  clearing  and  grabbing,  at  $10  .  2.  M00 

380  acres  clearing  and  burning,  at  $15  ..  ..  . . . .  5,700 

3,470,000  cubic  yards  earth  exca\  ation,  at  20  cents  . .  .  604, 000 

100,000  cubic  yards  puddle,  at  $1  .  . . .  100,000 

100,000  cubic  yards  of  riprap,  at  $1.10  . . .  110.000 

85,<MH>  linear  feet  of  fencing,  at  10  cents . . .  8, 500 

25  miles  telephone  line,  at  $330  .  8,  250 

Changes  of  highway  . 0,000 

Highway  bridges  .  62,500 

Batlwaj  bridges  80,000 

Special  tank  protection  ’  . . . . . .  15,000 

i  dredge  .  .  .  87,000 

-  2. 264. 950 

Kidargum  outlet  channel  from  reservoirs  on  Mohawk-Susquehanna 

divide  ..............  10,000 


Total .  $17,516,950 

Add  for  contingencies  and  engineering,  atiout  10  j>er  cent .  1,751,050 


Amount  .  .  .  $19,268,000 

A  comparison  of  1  lie  estimated  cost  of  t  lie  pro  jawed  open-channel 
feeder  with  tin*  alternative  tunnel  is  ns  follows: 

Estimated  cost  of  oj>en  channel,  with  reservoirs,  etc  . . .  $19,800,000 

Estimated  cost  of  tunnel,  with  reservoirs,  etc  .  19, 268, 000 


Difference. . . .  $532,000 

It  is  the  opinion  of  the  author,  taking  into  account  the  large  saving 
of  water  which  would  result  from  tin*  tunnel  line,  that,  even  though 
tin*  cost  on  that  route  were  to  run  as  high  as  tin*  maximum  estimate 
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of  $10,000,000,  it  would,  on  the  whole,  be  the  preferable  construction 
to  make.  The  absolute  safety  of  the  tunnel  may  be  taken  into  account 
in  reaching  this  conclusion. 

Tables  Nos.  135  and  136  give  the  detail  of  water  supply  by  alterna¬ 
tive  tunnel  line.  Inasmuch  as  these  two  tables  are  arranged  like 
several  of  the  previous  ones,  they  are  considered  self-explanatory. 

Referring  to  “Estimate  of  Summit  Level  Water  Supply,”  it  appears 
that  1,600  cubic  feet  per  second,  including  feeder  losses,  was  fixed  upon 
for  supply  of  summit  level  of  30-foot  canal  and  1,400  cubic  feet  per 
second  for  supply  of  21-foot  canal.  The  foregoing  estimates  of  cost 
are  for  summit-level  supply  of  30-foot  canal. 

For  a  21-foot,  canal  the  approximate  cost  of  summit-level  water 
supply,  computed  as  in  the  foregoing,  is  placed  at  $18,000,000.  This 
figure  has  been  arrived  at  by  rapid  approximation  from  general  data. 
It  is  possible  that  more  detailed  study  might  change  it  somewhat. 
The  limitation  of  time  to  August  1,  1899,  lias  uot.  permitted  of  giving 
this  particular  problem  other  than  casual  attention. 

Moreover,  the  foregoing  statements  of  cost  have  all  been  made  on 
the  supposition  that  whichever  line  be  adopted  Salmon  and  Black 
rivers  reservoirs  will  both  be  required.  Let  us  now  examine  as  to 
whether  Salmon  River  reservoir  could  not  be  dispensed  with  in  case 
of  adopting  the  alternative  tunnel  line. 

According  to  Table  No.  131,  there  would  remain  in  Black  River 
reservoir  at  the  end  of  the  water  year  1895  something  like  5.26 
inches  on  the  catchment  area,  equivalent  to  22,175,000,000  cubic  feet. 
This  is  on  the  basis  of  1,600  cubic  feet  per  second,  supply  by  open 
feeder.  Again,  Table  No.  133A  shows  in  column  (9)  3.75  inches  in 
store  in  Salmon  River  reservoir  at  end  of  the  water  year  1895;  3.75 
inches  on  Salmon  River  catchment  area  is,  as  per  Table  No.  132, 
1,655,000,000  cubic  feet. 

On  the  basis  of  1,200  cubic  feet  per  second  supply  by  alternative 
tunnel  line  the  conditions  are  as  follows:  Table  No.  135  gives  quan¬ 
tity  of  water  to  be  furnished  by  the  several  sources  of  supply,  as  there 
shown  in  detail,  and  'fable  No.  133,  which  exhibits  state  of  Salmon 
River  reservoir,  shows  5.19  inches  on  the  catchment  area  in  store  at 
end  of  the  water  year  1895.  This  latter  figure  is  equivalent  to 
2,300,000,000  cubic  feet.  Also  Black  River  reservoir  would  hold  in 
store  at  end  of  the  water  year  3895,  say,  7.12  inches  on  Black  River 
catchment  area,  equivalent  to  29,700,000,000  cubic  feet. 

The  gain  in  Black  River  reservoir  storage  in  the  year  of  lowest 
recorded  run  off  by  adoption  of  tunnel  line  is  therefore  (29,700,000,000— 
22,175,000,000)  =  7,525,000,000  cubic  feet.  At  Salmon  River  reservoir 
the  saving  is  (2,300,000,000  — 1,655, 000, 000)  =  645, 000, 000  cubic  feet. 

These  figures  show  at  once  that  the  gain  in  storage  in  Black  River 
reservoir,  under  the  assumed  conditions,  is  so  large  as  to  render  Sal¬ 
mon  River  reservoir  probably  unnecessary.  At  any  rate,  it  would 
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only  be  required  in  the  rare  extreme  dry  year  which  may  occur  two 
or  three  times  in  a  century.  If  we  assume  that  it  may  he  omitted 
from  immediate  consideration,  the  estimate  is  reduced  not  only  by 
the  cost  of  the  reservoir  itself,  hut  by  decreased  cost  of  feeder  from 
Fish  Creek,  which  may  then  be  made  with  reference  to  the  nominal 
minimum  Mow  of  that  creek  of,  say,  loo  cubic  feet  per  second.  On  this 
basis  a  complete  estimate  for  summit-level  water  supply  by  tunnel 


line,  etc.,  would  stand  as  follows: 

Tunnel  complete,  ns  per  estimate .  ..  $8,000,000 

Black  River  reservoir,  as  per  estimate  . .  5,712,000 

Land  and  water  power  ilama^es  in  upper  Mohawk  Valley  ..  .  80,000 

Feeder  complete,  including  dams,  Taberg  to  Fort  Bull  .  1,750,000 

Enlarging  outlet  channels  on  Mohawk  Susquehanna  divide .  10. 000 


Total . .  .  15,502,000 

Add  for  contingencies  and  engineering,  about  10  per  cent .  1,548,000 


Amount  . .  17,050,000 


In  regard  to  this  latter  est imate  it  may  la*  remarked  that  possibly 
further  study  of  the  matter  might  indicate  a  way  to  reduce  the  final 
amount  to  perhaps  $10,000,000.  At  present,  however,  in  view  of  the 
eight-hour  day  and  the  clear  tendency  to  increase  pay  of  common 
labor,  il  does  not  seem  host  to  make  the  final  amount  less  than  about 
$17,(HK>,000,  as  in  the  foregoing.  In  any  case,  with  Salmon  River 
reservoir  omitted,  the  figure  of  $10,000,000  may  1m*  taken  as  fairly 
applying  to  the  summit-level  supply  for  a  21-foot  canal. 

SOURCE  OF  MATERIALS  AND  COST  OF  SAME. 

The  region  wherein  it  is  proposed  to  construct  the  works  here 
reported  upon  will  furnish  all  the  material,  such  as  sand  and  building 
stone,  generally  without  long  hauls.  Fora  considerable  portion  of 
the  proposed  feeder  line  quarries  may  be  ojiened  in  the  immediate 
vicinity  at  small  cost. 

In  the  vicinity  of  Carthage  and  along  the  feeder  line  between  that 
place  and  Fast  Watertown  there  are  a  number  of  quarries  already 
opened  in  the  Trenton  limestone  which  will  furnish  stone  of  proper 
quality  for  the  works  to  be  built  at  low  cost.  To  the  north  and  east 
of  Carthage  the  granitic  rocks  of  the  Adirondack  region  appear,  and 
w  ithout  doubt  stone  for  face  masonry  of  Dams  Nos.  1  and  2at  (  arthage 
may  be  obtained  from  their  horizon.  At  site  of  Dam  No.  8,  near 
Adams,  limestone  of  proper  quality  for  backing  and  core  wall  can  be 
quarried  immediately  at  the  site  of  the  dam. 

To  the  south  of  Sandy  Creek  we  enter  a  shale  region  without  build¬ 
ing  stone,  except  on  the  surface.  In  many  places  the  surface  of  the 
ground  is  thickly  studded  with  granite  bowlders  This  is  particularly 
marked  .just  north  of  the  village  of  1’ierpont  Manor,  where  there  is 
a  belt  of  granite  bowlders  crossing  the  feeder  line,  and  which  is  about 
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one-half  mile  in  width,  the  stone  being  so  plentiful  in  many  places  as 
to  almost  cover  the  surface  of  the  ground.  The  general  direction  of 
this  belt  and  the  character  of  the  stone  in  a  region  where  the  natural 
rock  is  shale  leads  to  the  view  that  this  is  a  medial  moraine,  which, 
descending  fro  pi  the  higher  country  to  the  northeast,  brought  with  it  the 
characteristic  rocks  of  the  Adirondack  hills,  depositing  them  here  as 
it  moved  forward  in  a  southwestern  course.1 

There  are  a  number  of  places  along  the  feeder  line  where  strips 
of  beach  gravel,  which  mark  the  former  lake  border,  may  be  seen. 
The  Luther  gravel  beds,  immediately  on  the  feeder  line  at  East  Water- 
town,  are  of  this  character,  but  luckily  they  are  not  very  deep,  being 
underlaid  by  Trenton  limestone,  in  which  rock  the  channel  of  the 
feeder,  if  constructed,  would  lie  entirely  at  this  point. 

At  Chaumont,  a  few  miles  west  of  Watertown,  there  are  tine  lime¬ 
stone  quarries.  At  one  of  these  which  was  visited  there  are  from  two 
to  three  acres  of  a  32-inch  course  uncovered,  which  lies  nearly  as  level 
as  a  floor.  Small  stone  are  sold  from  these  quarries  to  the  Solvay 
Process  Company,  at  Syracuse,  for  81  per  ton,  delivered,  freight 
amounting  to  55  cents  per  ton.  These  stone  have  a  specific  gravity 
of  2.7  and  weigh  168  pounds  per  cubic  foot,  the  absorption  in  twenty- 
four  hours  amounting  to  1  in  3,000. 

The  loss  in  freezing  and  thawing  five  successive  times  was  1  in 
7,530.  The  crushing  strength  per  square  inch  is  23,641  pounds.  The 
tests  at  quarry  show  weight  of  broken  stone,  when  broken  to  pass 
through  2-inch  ring,  at  2,457  pounds  per  cubic  yard,  and  when  broken 
to  pass  through  1-inch  ring,  2,484  pounds  per  cubic  yard.  The  fore¬ 
going  statistics  as  to  stone  at  Chaumont  are  based  on  statements 
made  by  parties  at  the  quarries. 

Immediately  under  the  32-inch  course  there  is  a  16-incli  course. 
The  other  courses  range  from  4  to  10  inches. 

The  following  prices  were  furnished  for  stone  at  quarry: 

Broken  stone  to  pass  3-inch  ring  . . . . . . per  ton .  _  $0. 40 

Face  stone,  uncut  ...  . .per  cubic  yard..  1. 50 

Backing  of  thick  courses  . . . . . do  ...  1.00 

Backing  of  thin  courses . . . . . .do..  .  .75 

Face  stone  cut  to  4-inch  joints,  10  inches  back . . . .do fi.  00 

Dimension  stone,  pinch  joint.  8-cut  work  . . .  .do _  10.00 

Frieght  to  points  on  the  Rome,  Watertown  and  Ogdensburg  Rail¬ 
way  may  be  expected  to  average  about  $1  per  cubic  yard. 

The  large  dam  on  Salmon  River  (No.  73)  will  be  located  on  the 
Oswego  sandstone,  and  material  for  backing,  core  walls,  etc.,  may  be 

1  For  an  extended  discussion  of  physical  features  of  Jefferson  County,  and  cov¬ 
ering  many  points  of  interest  in  the  surface  geology  of  the  proposed  feeder  line, 
see  a  chapter  on  ‘-Evidence  of  glacial  action  and  physical  features  of  Jefferson 
County."  contributed  by  Frank  A.  Hinds,  C.  E.  .to  a  History  of  Jefferson  County, 
edited  by  Edgar  C.  Emerson,  and  published  in  1898. 
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obtained  from  quarries  in  the  immediate  vicinity.  The  face  stone 
will  l*c  brought  from  abroad.  .Material  for  eon*  walls  of  dams  Nos. 
74,  75,  and  7<5  ean  be  obtained  from  quarries  about  i?  to  l’4  miles  dis¬ 
tant.  Building  sand  of  proper  quality  occurs  in  the  vicinity. 

At  White  Lake,  a  station  on  the  Adirondack  and  St.  Lawrence 
division  of  the  New  York  Central  and  Hudson  River  Railroad,  there 
is  a  line  granite  quarry,  from  which  coping  and  dimension  stone  may 
be  convenient  ly  obtained.  The  granite  occurs  here  in  a  ledge  50  feet 
in  height,  from  which  it  is  quarried  without  stripping. 

Portland  cements  are  manufactured  in  New  York  Stateat  Wayland, 
Syracuse,  and  (Hens  Palls,  present  prices  ruling  from  £1.50  to  si. 75 
per  barrel  at  the  works.  Taking  into  account,  therefore,  all  the  con¬ 
ditions,  there  is  no  reason  for  doubting  that  the  proposed  works  can 
be  cheaply  and  efficiently  constructed. 

As  regards  quality  of  masonry  for  dams,  the  general  character  of 
the  work  estimated  upon  may  be  determined  by  reference  to  a  descrip¬ 
tion  of  the  Indian  River  dam  appearing  in  K.nginccring  News  of  May 
is,  is! il*.  This  dam  was  substantially  built  of  granite  rubble  work  in 
1S1*S;  the  cement,  ironwork,  contractors' supplies,  etc.,  being  trans¬ 
ported  by  wagon  over  a  mountain  road  for  Jo  miles,  in  the  course  of 
which  there  was  a  summit  bi’oo  feet  high.  Face  stone,  backing, 
slope  paving,  riprap,  broken  stone  for  concrete  and  lining  were  all 
obtained  immediately  at  the  dam  site.  The  average  cost  per  cubic 
yard  of  masonry,  laid  during  the  months  of  .Inly  and  August,  isos, 
when  the  work  was  well  under  way  and  the  conditions  favorable,  was 
as  follows: 

Quarrying  face  stone,  average  for  month's  work . .  .  ..  .so. 35 

Labor  of  laying  masonry . 53 

Labor  of  pointing . 15 

Mixing  mortar  and  concrete  and  crushing  atone . . .  .20 

Cost  of  cemeut .  . . . . . .  2.00 

Cost  of  sand  .  15 

General  excuses,  superintendence,  etc . 27 


Total  .  .  3.65 

Generally,  for  the  dams  included  in  the  present  work,  the  material 
will  not  be  as  convenient  to  the  site  as  at  Indian  Lake,  but  taking 
into  account  that  Portland  cement  on  the  work  at  Indian  Lake  cost 
about  £.‘L4b  per  barrel,  it  is  lielieved  that  a  considerable  portion  of 
the  masonry  for  the  proposed  reservoirs  and  dams  of  tin*  present  proj¬ 
ect  can  be  constructed  for  about  the  figure  determined  by  experience 
at  Indian  Lake. 

PRICKS  USED  IN  ESTIMATES. 


The  following  are  the  prices  used  in  estimates: 

bailing  and  draining  ta  gross  price  determined  as  a  matter  of  judgment  to  tit 
each  particular  case). 

1'his  item  has  been  used  throughout  the  estimates  as  a  partial  con- 
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tingency  item  for  balancing  up  the  estimate  for  each  structure  to 
even  dollars,  or  even  hundreds  of  dollars,  as  the  case  may  be. 


Clearing  and  grubbing  on  railway,  per  acre . . .  . . .  $30 

Clearing  and  grubbing  on  feeder  line,  per  acre . . . .  40 


A  distinction  has  been  made  between  price  of  clearing  and  grub¬ 
bing  on  changes  of  railway  and  clearing  and  grubbing  on  feeder  line 
because  on  the  feeder  line  the  grubbed  stumps  should  be  hauled  well 
outside  the  limits  of  the  work  and  left  under  the  spoil  banks. 


Trenton  limestone  and  sandstone,  rock  excavation  in  feeder 


cuts  . .  .  . per  cubic  yard.  . 

Trenton  limestone,  sandstone,  and  granite  rock  excavation  in 

railway  cuts . . . . do _ 

Shale  rock  excavation  in  feeder  cuts  . . do _ 

Rock  channeling  in  Trenton  limestone . per  square  foot.. 

Glacial  drift  hardpan  . . . per  cubic  yard.. 

Surface  stripping  under  embankments,  etc _  .  _ ...  do. .  . 


Ordinary  earth  excavation,  including  topsoil,  earth,  muck,  sand, 
gravel,  clay,  bowlders,  and  fragmentary  rock  displaced  from 
its  original  bed,  not  exceeding  1  cubic  yard  content,  and  of 


other  material  overlying  hardpan  or  bed  rock,  per  cubic  yard.. 

Excavation  of  earth  in  railway  cuts . . . 

Rock  excavation  in  tunnel . . . per  cubic  yard.. 

Rock  excavation  in  tunnel  shafts _ ..  ..  _ _ .do _ 

Foundation  excavation  of  limestone,  sandstone,  or  granite,  per 

cubic  yard  . . . . . . . 

Foundation  excavation  of  shale  rock  . . . per  cubic  yard.. 

Foundation  excavation  of  hardpan  in  core- wall  trenches. etc.,  per 

cubic  yard . . . . . . 

Refilling  of  shafts. . . . per  cubic  yard.. 

Brick  masonry  in  tunnel  lining. . do _ 

Brick  masonry  backing  in  tunnel. . .  . .  do _ 

Rubble  masonry  in  core  walls,  interior  of  dams,  etc . .do _ 

Concrete . . .  .  . . . do _ 

Granite  spillway  coping  on  large  dams .  . . do _ 

Granite  spillway  facing  and  coping  on  small  dams . .  do _ 

Coursed  rubble  face  masonry  in  dams . . . . do  ... 

Paving  on  slopes  of  earth  embankments,  etc. ..per  square  yard  .. 

Rough  riprap .  . . . . per  cubic  yard . . 

Broken  stone  lining  . . . . . do _ 

Protection- wall  masonry  . .  . . . .do _ 

Coping  for  dams  and  protection-wall  masonry _ _ do _ 

Spillway  masonry  . . . .  do - 

Gatehouse  masonry . . . . . . . .do.  .. 

Dischai’ge-cul vert  masonry . . . . . . _do _ 

W aste- way  paving. . . . . . do _ 


$0.65 


.80 

.55 

.10 

.35 

.12 


.20 
.  25 
3.00 
4.00 


1.50 

1.00 


.75 

.20 

12. 00  to  16. 00 
10.00 
4. 00  to  5.00 
5.00 
25. 00 
15. 00 
7.00 
.70 

1.00  to  1.10 
1.00  to  1.50 
5.00 
15.  00 
5.00  to  6.00 
6.00 
6.00 
4.00 


This  item  includes  a  paving  of  large  bowlders  with  the  interspaces  filled  with 
concrete. 


Pine  timber  in  work _ 

Hemlock  timber  in  work 

Oak  timber  in  work _ 

Piling . . . 

Fencing,  of  stone  wall. . . 


. per  M._ 

. do _ 

. .  do 

per  linear  foot. . 
. do _ 


$30. 00 
20.00 
40. 00  to  50. 00 
.20 
.25 
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Fencing,  of  post,  wire  and  top  rail . per  linear  foot..  $0. 10 

Stilling  on  back  slope  of  embankments  . per  cnbic  yard. .  .  50 

Embankments  of  earth,  including  dams,  dikes,  etc  do  . .  .  25 

Roadway  embankments  across  reservoirs  .  .  do  ...  .12 

Tliis  item  includes  the  making  of  embankments  for  new  roadways  across  Black 
and  Salmon  rivers  reservoirs,  where  the  material  will  be  taken  tip  with  scrapers 
at  the  sides,  the  embankments  to  lie  protected  by  nprap. 

Sodding  on  back  slope  of  embankments  per  square  yard  .  $0.20 

(Generally  the  sod  will  be  cut  from  meadows  within  the  area  taken  for  the  reser¬ 

voirs.  feeder  line,  etc. 


Puddle  in  place  in  work,  including  the  furnishing  of  clay. 


sand,  and  gravel .  . per  cnbic  yard 

Clearing  and  burning  timber  on  reservoir  sites  on  right  of 

wav  .  .ptraore 

Steel  rod s  and  bolts  in  work . per  pound 

Drilling  ho’es  for  dowels  . .  . . per  linear  foot . . 

Gas-pijte  railing . . ..do  .. 

Operating  mechanism  for  spillway  sluicee  per  set 

Small  turbine  water  wheel,  with  shafting  and  genring 
Two-and  one-fonrth-inch  steel  shaft  and  gate  rods,  j>er 
linear  foot  . 

Gns iron  pipe  laid.  .  .per  pound  . 

Steel  I-beams  ...  d<> 

Riveted  steel  pij>e  . .  .  do  .. 

Gatehouse  superstructures  . .  . . 

Railway  ballast  .  . .  . . .  j>er  cubic  yard . . 

Railway  ties .  each  . 

Steel  rails .  per  ton.. 

Angle  bars .  per  i>ound. . 

Bolts  and  spikes .  do _ 

Track  laying  . per  mile . . 

Telephone  line  . .  do  . 

Telegraph  line  .  do.. 


$1.00 


15.00 
.07 
.10 
1.00 
loo. oo 
000.00 

.00 
.02 
.  05 
.07 

800. 00  to  1.000.00 
.40 
.50 
85. 00 
.0225 
.  025 
400. 00 
300.  oo 
000.00 


Tin*  following  prices  of  stop  valves  ami  sluice  gates  are  based  on 
net  quotations  furnished  by  the  Eddy  Valve  Company,  such  addi¬ 
tions  I H-i ng  made  to  the  net  price  as  are  necessary  to  cover  cost  of 
freight  and  setting: 


Six-inch  double  disk  valve  gate  .  $10.00 

Twelve-inch  double-disk  valve  gate  .  00. 00 

Thirty-six-inch  double-disk  valve  gate  .  050.00 

Sixty-inch  double-disk  valve  gate  . .  .  1,200.00 

Seventy-two-inch  double-disk  valve  gate .  .  .  1, 500. 00 

Thirty-six-inch  sluice  gates  .  250.00 

Sixty-inch  sluice  gates .  400. 00 

Seventy-two-inch  sluice  gates . .  700. 00 


Gate  stands  are  estimated  from  $10  to  $25  each,  according  to  size  and  finish,  and 
gearings  at  $10. 
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ESTIMATED  COST  OF  LABOR. 


The  estimates  have  further  been  prepared  on  the  basis  of  eight 
hours  work  per  day  for  the  different  classes  of  labor,  as  follows: 


Foremen  . . . . 

Hoisting  engineers _ _ 

Firemen.. . . . . 

Coal  heavers . . 

Machinists  . . 

Pipe  titters . . 

Blacksmiths. . . . 

Blacksmiths’ helpers . . . 

Carpenters . . 

Bricklayers . . . . 

Stone  masons .  . . 

Masons'  helpers. . 

Stonecutters . . . . 

Quarrymeu . 

Drillmen . . . . 

Drillmen’s  helpers _ _ _ 

Hammermen . . . 

Riggers,  tagmen,  brakemen,  etc  . 

Teams  with  driver  . . 

Drivers  . . . . . 

Watchmen. . . . 

-  Timekeepers _ _ _ 

Bookkeepers . . 

Intelligent  labor . . 

Common  labor,  white  . . 

Common  labor,  colored . . . 

Common  labor,  Italian . . 

Powder  men . . 

Bell  and  hoist  topmen . 

Heading  foremen. _ _ 

Water  boys . . 


$3. 00  to  $4. 00 

2. 00  to 

2.25 

1.  75 

1.25 

2.  25  to 

2.50 

1.75 

2.  00  to 

2.50 

1.50 

2.  00  to 

2.50 

3.00  to 

4.50 

3. 00  to 

3.  50 

1.50 

2. 00  to 

3.00 

1.50 

2.00 

1.50 

1.50 

1.50 

3.00  to 

3.50 

1.25 

1.50 

1.  75 

2. 50  to 

3.50 

1.50 

1.20  to 

1.30 

1.00  to 

1.30 

.  90  to 

1.10 

1. 50  to 

1.75 

1.75 

2.50 

.  75 

It  is  believed  that  under  existing  conditions  in  the  State  of  New 
York  labor  can  be  obtained  for  the  foregoing  prices,  and  probably  in 
many  cases  for  somewhat  less. 
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ACKNOWLEDGMENTS. 

'File  following  persons  have  been  employed  at  different  times  on 
lln*  engineering  work  under  the  author's  charge,  including  and  above 
the  rank  of  stadianmn: 


Name. 

Rank. 

.1  Y  MM’llntnrk  .  . 

Principal  naaMtant  engineer . 

.  do . . . . . . . . . 

.  do . 

Wi  Hurd  I>  L.  AwihhI 

Draft* man  . 

Frank  W.  Briatow .  . 

do  . . 

Instrument  man  . 

F  H  I’riif tn  . . . . 

do . . . . . 

W.A  Miller  . . 

_ do . . . 

<4  C  Mi  IN 

do . . . 

do . . . . 

do .  .  . . 

Computer  . 

Clerk  . 

.  A  l',Xllll,i,,l  .... 

8t<*nntn*Apher . 

Superintendent  •  boriiuca.  . 

B  E  failing  . 

.  do . . . . . 

J.  Dana  Luther .  . 

Harry  1*  Rrown 

.  do  . 

Charf***  A  Hunt .  .  . 

do . . . . . . 

F  McCarthy  . 

(Jail  B  P' »rt**r . . .  . 

Stadintnan . 

.  .  .  do . . . 

. .  do . 

E.  V  Allellilnrph  .  . 

H  T  Rice  . 

..  do . 

...  do  . 

Charles  K  i«*hin  . . 

_ do . . 

.1 « i *1 1  W  Howe . . 

<  j  A  Sin  it  h  . . 

....  do . . . . . 

K'-ln-rt  I.  Hums  . 

do . . . . . . . 

H  E  Tiffany  . 

....  do . . . . 

Arthur  L  Saunders 

...  do . : . 

A  W  OlilN  .  . 

.  do . . . . . . . . 

W  here  t  here  are  so  many  it  is  perhaps  invidious  to  special!; 
any.  'Flu*  author,  therefore,  merely  makes  the  general  ael 

Onto  of  eiu 

1 1<  >\  meat. 

Ann.  s.  DIM 
o.  t  hi.  ons 
NoV.  In.  DIM 
Sej> t.»V  DIM 
S-pt.  I.DlM 
Ort.  21.  DIM 
Ann-  1».  DIM 
«»<•  t.  lit,  1MM 
NoV.  21.  Is!  H 

Ann  -*i».  dim 
Ann  22.  I  HUS 
oct.  i:».  ls!»s 
Srpt.  I.DlM 

Ann-  — ■  1  "5*h 

Ort  27.  Dim 
Sept.  2. 1*!M 
Ann  2H.  Dim 
Ann-  II.  D-M 
Nov.  I.DlM 
S. -pt  2.  1  -!»H 
N-  v  15  l-.-s 
Ort  21,  ISM 

Do 

Ann  22.  Dim 
Ort  21.  lsttt 
Ort  2n.  D'-M 

Ann  22.  ISM 

Do 

Ann  24.  DM 
Ann.  21.  Dim 

Ann  22.  DIM 
Ann  -  25.  D'.m 
Aug  27.  Dus 
Sept  2.  Ism 
>.-pt  2>l.  DIM 
Nov.  I.DlM 
Ort  21.  ISM 
Do 

Oct  17.  DIM 
Nov  21.  DIM 


nienl  that  his  assistants  have,  generally  speaking,  all  performed  the 
parts  assigned  to  them  satisfactorily.  So  far  as  possible  to  do  so, 
every  man  employed  was  selected  with  reference  to  special  fitness  for 
the  work  he  was  called  upon  to  perform.  'Flic  author  wishes  to  thank 
the  Hoard  for  perfect  freedom  in  selection  of  assistants,  inasmuch  as 
under  this  system  previous  personal  acquaintance  with  nearly  all  the 
men  employed  enabled  the  author  to  reach  a  maximum  efficiency  in 
the  conduct  of  the  work  in  the  minimum  time. 


The  author  has  construed  his  function  to  Ik*  mostly  that  of  a  col¬ 
lector  of  facts,  and  has,  therefore,  so  far  as  possible,  avoided  express¬ 
ing  opinions,  except  as  necessary  for  proper  interpretation. 

Hoping  the  facts  and  statements  herein  presented  may  be  of  use  to 
your  Hoard  in  reaching  final  conclusions, 

I  am,  gentlemen,  very  respectfully. 

Geo.  W.  Rafter. 


"Fhe  Hoard  of  Knginkeks  on  Deer  Waterways. 
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Appendix  No.  17. 

LAKE  CHANNELS,  LAKE  ERIE  TO  LAKES  HURON,  MICHIGAN, 

AND  SUPERIOR. 

Detroit,  Mich.,  April  12,  1900. 

Gentlemen:  I  have  the  honor  to  submit  a  report  of  an  estimate 
for  a  21  and  a  30  foot  channel  from  deep  water  in  Lake  Erie  to  deep 
water  in  Lake  Huron,  through  the  Detroit  River,  Lake  St.  Clair,  and 
St.  Clair  River;  and  from  deep  water  in  St.  Marys  River,  off  Lime 
Island,  to  deep  water  in  Lake  Superior,  for  a  standard  low-water  sur¬ 
face,  and  a  standard  low-water  surface  with  Lake  Erie  regulated. 

The  estimates  are  based  on  the  results  of  soundings  taken  in  1859, 
1867  to  1871,  1873  to  1879,  and  1895  by  the  United  States  Lake  Sur¬ 
vey,  and  additional  soundings,  borings,  character  of  river  beds,  etc., 
that  had  been  taken  at  different  times  in  the  regular  channel  improve¬ 
ments  by  the  United  States  engineers.  Original  tracings  were  ob¬ 
tained  from  Lieut.  Col.  G.  .T.  Lydeeker,  Corps  of  Engineers,  U.  S.  Army, 
and  blue-print  copies  made.  The  proposed  channel  lines  were  laid 
out  on  the  prints,  and  on  charts  where  originals  were  not  obtainable. 

All  elevations  in  this  report  are  given  in  feet  and  decimals  above 
mean  tide  at  New  York,  and  depend  upon  the  adopted  elevation  of 
the  bench  mark,  to  which  they  are  referred. 

AUTHORITIES. 

Lake  Erie  at  mouth  of  the  Detroit  River. — Soundings  taken  from 
1874-1879  by  the  United  States  Lake  Survey  as  shown  on  Coast  Chart 
No.  7,  of  Lake  Erie. 

Detroit  River. — Detail  soundings  and  borings  taken  in  1897-98  and 
1899  by  the  United  States  engineers,  also  soundings  taken  in  1873  by 
the  United  States  Lake  Survey  as  shown  on  original  tracings. 

Lake  St.  Clair. — Soundings  taken  from  1867  to  1871  by  the  United 
States  Lake  Survey  as  shown  on  chart  of  Lake  St.  Clair  and  addi¬ 
tional  soundings  off  Grosse  Pointe  by  the  United  States  engineers. 

St.  Clair  River. — Soundings  taken  in  1867  by  the  United  States 
Lake  Survey  as  shown  on  original  tracings  and  additional  informa¬ 
tion  by  the  United  States  engineers. 

Lake  Huron  at  head  of  St.  Clair  River. — Soundings  taken  in  1859 
by  the  United  States  Lake  Survey,  as  shown  on  original  tracings, 
chart  of  south  end  of  Lake  Huron,  and  additional  information  by  the 
United  States  engineers. 

St.  Marys  River. — Soundings  taken  in  1895  by  the  United  States 
Lake  Survey  as  shown  on  original  tracings,  and  additional  soundings 
and  borings  by  the  United  States  engineers. 
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WATER  srRFACE  ELEVATIONS. 

Lak>  Kri*  to  Lake  Huron. — The  elevations  for  a  standard  low- 
water  surface,  and  a  water  surface  with  Lake  Erie  regulated,  having 
be  *n  determined  for  Lake  Erie,  Lake  St.  (’lair,  and  Lake  Huron,  the 
fall  at  different  points  in  the  rivers  was  reduced  from  gauge  readings 
taken  June  2d  to  July  1,  180IL  The  elevations  of  gauges  were  deter¬ 
mined  by  a  line  of  precise  levels  from  l  .  S.  B.  M.  Gibraltar,  1 S 7 7 , 
elevation  .‘>s2.4.r>  above  mean  tide  at  New  York.  The  elevations  at 
different  points  are  given  in  the  following  table: 


Stntii'ii  < i 


867 

a  ci  ui 
>2  +4*1  ... 
MU -hi  .. 
696+00. 
990  +00 
14u2-oi  .. 

ITsI  •  mi 
2W-U  i 
2124  -  15 
3312  +  15  . 
37:t2  - 15 
4210+m 
4.'i!»l  +65 


Water-surface  elevations 


(lunge 


June  26  to  StuiutHrcl 
•T uly  t,  1890.  low  water 


No  1.  Port  It  rat  lot  Light  hoti-e  i  I^ake  Huron  ... 
Q.T.  R  . 

58t)  41 
•XI  10 
57U  65 
579  17 
578  its 
577  90 
570  l*s 
576  27 
575. 05 
675  80 
675  12 
574  53 
573  97 
572  tV> 

Ken. lull 

Dry 

No.  5.  Marysville . 

No  fl.  St  <  ’lair  .  . 

No.  7.  Marine  Clt y . . . 

No  11.  Windmill  Point  Light  house  . 

No  12.  Detroit.  Is  street  . 

No  14.  Wyandotte  ..  ...  . .  .  .  . 

No.  l.Y  \  * i f  i rti  1  tar . 

Lake  Erie . . 

.MU  in 
678  69 
678  15 
:.:r  79 
a 

r.ni  5 s 
67*.  72 
575  i  *» 
574  52 
574.3s 
574  m 
578  0< 
573. 1  e 
571  77 
571  :m 


With  I -ike 
Kri**  r**it 
U  lu  ted. 


580  00 
579  71 
579. 21 
578  93 
57  s  54 
577  1*5 
57 .  30 
575  SI 
676  58 
671  »" 
575  10 
575.90 
575  7s 
574  *2 
574.50 


n  Stationing  is  tin*  same  as  shown  on  ii»|m 


iS7.  Marys  liirtr. — The  elevations  fora  standard  low-water  surface 
and  a  water  surface  with  Lake  Erie  regulated  having  l>eon  determined 
for  the  lower  end  of  river,  at  the  locks,  and  at  Luke  Superior,  the  fall 
at  different  points  was  deduced  from  elevations  established  by  the 
I’nited  States  engineers  from  l\  S.  B.  M.  No.  1,  at  Marquette,  eleva¬ 
tion  above  mean  tide  at  New  York.  The  elevations  are  given 

in  the  following  table: 


Water-surface  eleva- 
t  ions. 

Station. 

l)auge. 

Standard 
low  water 

With  Ijike 
Erie  res 
u  la  ted. 

Head  of  St.  Marva  River  .  I.ake  Superior) . 

OKI  69 

600  09 

255 +on  ... 

Point  Aux  Pius  Light-house . .". . 

600.45 

600. 45 

•HO  ■ 

Head  of  lock  . 

600.  11 

600. 11 

011+37  ... 

Foot  of  lock  . 

581  27 

582  27 

oho +00 

Sault  ste  Marie . . . 

5s  1  it* 

582. 02 

7441  +  01 

Mission  Point  .  . . . 

580.  52 

581.52 

KMl+OI 

Frechette  Point  .  . . . 

680. 12 

581  12 

990  +  0) 

Six-Mil**  Point  . 

579  92 

580.92 

1566  (II 

West  Nee  his  h  Rapids,  upper  end  . . . 

579. 87 

580.  87 

1604  .HI  ... 

West  Xeelksh  Rapids,  lower  end . 

679. 00 

580.00 
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Width  and  depth  of  channels. 


21 -foot 
channel. 

30-foot 

channel. 

Lake  Erie  to  Lake  Huron: 

From  deep  water  in  Lake  Erie  to  Bar  Point,  Detroit  River . 

From  Bar  Point,  Detroit  River,  to  head  of  St.  Clair  River. . . 

From  head  of  St.  Clair  River  to  deep  water  in  Lake  Huron _ 

St.  Marys  River: 

Below  tlie  locks . . . 

Feet. 

23  by  800 
21  by  600 
23  by  800 

21  by  600 
21  by  600 
(a) 

Feet. 

32  by  1,000 
30  by  600 

32  by  1,000 

30  by  600 

30  by  600 
(a) 

Approaches  to  the  locks . 

a  Shown  on  maps. 


The  side  slopes  as  estimated  are  vertical  in  rock,  and  in  all  other 
material  1  on  2.  Alignment  of  channels  is  given,  page  89. 

LOCKS  AT  SAULT  STE.  MARIE. 

The  Poe  lock  on  the  American  side  and  the  Canadian  lock  are  both 
available  for  a  standard  low-water  21-foot  channel.  An  estimate  has 
been  made  of  the  cost  of  construction  of  a  lock  for  the  30-foot  chan¬ 
nel  to  be  built  on  the  site  of  the  present  Weitzel  lock.  The  dimen¬ 
sions  of  this  lock  are  80  by  740  feet,  with  a  lift  of  18.8  feet  for. a 
standard  low-water  channel,  and  17.8  feet  for  a  standard  low-water 
channel  with  Lake  Erie  regulated. 

Estimates  for  a  1-foot  channel,  standard  low  water. 

LAKE  ERIE  TO  LAKE  HURON. 


Lake  Erie  at  mouth  of  the  Detroit  River: 

Sand  and  elay,  596,333  cubic  yards,  at  $0.09 _ _ _  $53,670 

Detroit  River: 

Sand  and  clay,  923,179  cubic  yards,  at  $0.09 . .  83,086 

Sand,  clay,  bowlders,  and  gravel,  359,723  cubic  yards,  at  $0.40 _  143,889 

Rock  (limestone),  474,304  cubic  yards,  at  $2.50  . .  1,185,760 

Lake  St.  Clair: 

Sand,  clay,  and  gravel,  5,513,821  cubic  yards,  at  $0.15  . .  827,073 

St.  Clair  River: 

Sand,  clay,  and  gravel,  614,234  cubic  yards,  at  $0.09  .  55,281 

Foot  of  Lake  Huron: 

Sand,  clay,  and  gravel,  1,198,293  cubic  yards,  at  $0.30  . .  359,488 


Total  for  waterway  from  Lake  Erie  to  Lake  Huron .  2,  708, 247 


LAKE  HURON  TO  LAKE  SUPERIOR. 


St.  Marys  River  via  West  Neebisli,  below  the  lock: 

Sand,  clay,  gravel,  mud,  and  soft  clay,  13,539,481  cubic  yards,  at 

$0.08 . . . . . . . . $1,083,158 

Sand,  clay,  gravel,  and  bowlders,  4,535,454  cubic  yards,  at  $0.40 _  1,814, 182 

Rock  (limestone),  dry,  2,444,444  cubic  yards,  at  $1.10 .  2,688,888 


Total  for  waterway  from  Lake  Huron  to  Lake  Superior  . .  5, 586, 228 

Waterway  from  Lake  Erie  to  Lake  Huron .  . . .  2, 708, 247 


Total  for  waterway  from  Lake  Erie  to  Lake  Superior .  8, 294, 475 

Waterway  from  Lake  Erie  to  Lake  Michigan,  same  as  from  Lake  Erie 
to  Lake  Huron .  2, 708, 247 


‘>r»4 


I>KKP  W  ATKK"'AYS. 


Standard  loir  icatrr  with  Lakr  Erir  nynlated. 

LAKE  ERIE  TO  LAKE  HURON. 

Detroit  River: 

Sunil,  day.  bowlders,  anil  gravel,  1.18,01*7  ruble  yards,  at  >'0.40 .  §03, 509 

Rock  (limestone).  200. 482  cubic  yards,  at  $2.50 .  .  .» .  *5*10.205 

Lake  St.  C’air: 

Sand.  clay,  and  travel,  2,113,443  cubic  yards,  at  $0.15  ..  .  317.017 

St.  Clair  River: 

Sand,  clay,  and  ((ravel,  414,024  cubic  yards,  at  $0.09  .  37.348 

Foot  of  Lake  Huron: 

Sand,  day,  and  gravel,  829, >7 4  cubic  yards,  at  $0.30  .  .  248.002 


Total  for  waterway  from  Lake  Erie  to  Lake  Huron .  1.333, 126 

LAKE  HURON  To  LAKE  SUPERIOR. 

St.  Marys  River  via  West  Neebish.  below  the  lock: 

Sand.  day.  gravel,  mud,  and  soft  clay,  12,878,355  cubic  yards,  at 
|0.08  $000,284 

Sand,  clay,  gravel,  and  bowlders.  3,811.009  cubic  yards,  at  $0.40 _  1.524.404 

Rock  (limestone),  dry,  2,255,335  cubic  yards,  at  $1.10  .  2.481,  111 


Total  for  waterway  from  Lake  Huron  to  Lake  Superior  .  4.095,790 

W  aterwav  from  Lake  Erie  to  Lake  Huron  . .  . .  1,333. 126 


Total  for  waterway  from  Lake  Erie  to  Lake  Superior .  6, 328, 9J5 

Waterway  from  Lake  Erie  to  Lake  Michigan,  same  as  from  Lake  Erie 
to  Lake  Huron  . . . .  1,3413,126 

Estimates  for  a  .fa-foot  channel,  standard  law  water. 

LAKE  ERIE  To  HURON. 

Lake  Erie  at  month  of  the  Detroit  Rives: 

Sand  and  day.  7,242,24  4  cubic  yards,  at  $0.09 .  $651,803 

Detroit  River: 

Sand  and  day.  7.181 ,41*17  cubic  yards,  at  $0.09  .  646,323 

Sand,  clay,  bowlders,  and  gravel,  2,416,71 4  cubic  yards,  at  $0.40..  966. 686 

Rock  (limestone).  4.869,304  cubic  yards,  at  $2.30  .  .  12, 1741. 260 

Lake  St.  Clair: 

Sand.  day.  and  gravel.  23,844,527  cubic  yards,  at  $0.15  .  8,576,679 

St.  Clair  River: 

Sand,  day,  and  gravel,  7,377,139  cubic  yards,  at  $0,09. . .  .  681,943 

Foot  of  Lake  Huron: 

Sand,  day.  and  gravel,  8,247,118  cubic  yards,  at  $0.410 .  2,474, 135 

Total  for  waterway  from  Lake  Erie  to  Lak*-  Huron .  21, 170,828 

LAKE  HURON  TO  LAKE  SUPERIOR. 

St.  Marys  River  via  West  Neebish,  below  the  lock: 

Sand,  clay,  gravel,  mud,  and  soft  clay,  28,972,701  cubic  yards,  at 

$0.08  . .  .  .  $2. 4517.  >16 

Sand,  day,  gravel,  and  bowlders.  11,747,788  cubic  yards,  at  $0.40..  4,699, 115 

Rock  i  limestone),  dry,  4,427,778  cubic  yards  at  $1.10 .  4,870.556 
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Above  the  lock: 

Sand,  clay,  and  bowlders.  1.063,204  cubic  yards,  at  $0.40. .  $425,282 

Rock  (sandstone),  477,778  cubic  yards,  at  $2 . .  955,556 


Total  for  St,  Marys  River.. . . . . . . .  18,268,325 

LOCK  AND  APPROACHES  AT  SAULT  STE.  MARIE.  MICH. 

Lock: 

Excavation  in  the  dry — 

Clay  and  small  sandstone  filling,  88,782  cubic  yards,  at  $0.50. .  $44. 391 

Rock  (sandstone),  183,050  cubic  yards,  at  $1.50 _  274,575 

Construction  of  lock . . . . . .  945, 905 

Operating  machinery . . . . . .  100, 000 


Total  . . . . . . . . .  1,364.871 


Approaches: 

Excavation  under  water — 

Clay  and  small  sandstone  filling.  174,645  cubic  yards,  at  $0,15..  26. 197 

Rock  (sandstone),  301,197  cubic  yards,  at  $2  .  _ _  602,394 

Excavation  in  the  dry — 

Clay  and  small  sandstone  filling,  379,199  cubic  yards,  at  $0.50..  189, 600 

Rock  (sandstone),  474,205  cubic  yards,  at  $1.50 _ _ ...  .  711, 308 


Total  . . . . . . . . . . .  1,529,499 


Timber  cribs — 

Pine,  4,323  M,  at  $30... . .  129,690 

Hemlock,  7.738  M,  at  $23 . . .  177, 974 

Oak,  209  M,  at  $50 . . . . . .  10,450 

Iron  drift  bolts,  810.390  pounds,  at  $0.03 .  24,312 

Stone  filling.  125,940  cubic  yards,  at  $0.60 _  _  75,564 


Total... . . . .  . . . . .  417,990 

Right  of  way  for  approaches _ ... . . . . . . .  25,000 

SUMMARY. 

Lake  Erie  to  Lake  Superior: 

Lock . . . . . .  . $1,364,871 

Approaches — 

Excavation _ _ _ _ _ _ _ _ _  1,529,499 

Timber  cribs _ _ _ _  _ _  417,990 

Right  of  way . . . . . .  25, 000 

St.  Marys  River . .  .  . . . . . .  13,268,325 


Waterway  from  Lake  Huron  to  Lake  Superior  . . .  16,605,685 

Waterway  from  Lake  Erie  to  Lake  Huron .  .  . . . .  21, 170, 828 


Total  for  waterway  from  Lake  Erie  to  Lake  Superior. .  37,776,513 

Lake  Erie  to  Lake  Michigan,  same  as  waterway  from  Lake  Erie  to  Lake 
Huron . .  .  .  21,170.828 

Standard  low  water  with  Lake  Erie  regulated. 

LAKE  ERIE  TO  LAKE  HURON. 

Lake  Erie  at  mouth  of  the  Detroit  River: 

Sand  and  clay,  3,976,978  cubic  yards,  at  $0.09 .  $357,928 

Detroit  River: 

Sand  and  clay,  4,966,597  cubic  yards,  at  $0.09 . . .  446, 994 

Sand,  clay,  bowlders,  and  gravel,  1,807,659,  cubic  yards,  at  $0.40..  723,064 

Rock  (limestone),  3,043,749  cubic  yards,  at  $2.50 . .  7,609,373 
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Lake  St.  C.air: 

Sand,  clay,  and  gravel,  10,618,975  cnbic  yards,  at  $0.15 .  $2,042,846 

St.  Clair  River: 

Sand,  clay,  and  gravel,  5, 402, Old  cubic  yards,  at  $0.00  .  404,285 

Foot  of  Lake  Huron: 

Sand.  clay,  and  gravel,  7.256,801  cubic  yards,  at  $0.30 . .  2, 176,017 

Total  for  waterway  from  Lake  Krie  to  Lake  Huron  .  14,751,407 


I.AKK  Hl’RoN  To  LAKE  Sl'PERIOR 

St.  Marys  River,  via  West  Neebish,  lieluw  the  lock: 

Sand,  clay,  gravel,  mud,  anil  soft  clay,  26,621,905  cubic  yards,  at 


$0.08  .  ..  2,120,752 

Sand,  clay,  gravel,  and  Imwlders,  10,867,988  cnbic  yards,  at  $0.40  4,847. 195 

Rock  (limestone*,  dry.  4,161,111  cubic  yards,  at  $1.10  .  4,577,222 

Above  the  lock 

Sand,  clay,  and  bowlders.  1 ,063.204  cnbic  yards,  at  $0.40. . . .  425, 282 

Rock  (sandstone),  477, 77*.  at  $2  . .  055,556 

Total  for  St.  Marys  River  .  . .  12,435,007 


A  '.'I)  APPROACHES  AT  SACLT  HTF.  MARIE,  MICH. 

Lock 

Excavation  in  the  dry— 

Clay  and  sma  1  sandstone  tilling,  88,782  cubic  yards,  at  $0.50  44,391 

Rock  (sandstone).  183,050  cubic  yards,  at  $1.50 .  274,575 

Construction  of  lock  . .  923,493 

( )perating  machinery .  100,000 


Total  .  1,342,459 


Approaches: 

Excavation  under  water — 

Clay  and  small  sandstone  tilling  174,645  cubic  yards,  at  $0.15  .  26, 197 

Rock  (sandstone),  295,911  cubic  yards,  nt  $2 .  591, 8°2 

Excavation  in  the  dry — 

Clay  and  small  sandstone  tilling  379,199  cubic  yards,  at  $0.50  .  189,600 

Rock  (sandstone i,  474.205  cubic  yards,  at  $1.50  .  711,308 


Total  .  1/518.927 


Timber  cribs — 

Pine,  4,323  M.,  at  $30  . . .  129, 690 

Hemlock,  7,788  M.,  at  $23  - .  177,974 

Oak,  209  M.,  at  $50  . . .  10,400 

Iron,  drift  bolts,  810,390  pounds,  at  $0.03 .  24,312 

Stone  tilling,  125,940  cubic  yards,  at  $0.60  .  75,  564 


Total  .  417,990 

Right  of  way  for  approaches  . 25,000 

8CMMART. 

Lake  Erie  to  Lake  Superior: 

Lock . 1,342,459 

Approaches — 

Excavation . .  1,518,927 
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Lake  Erie  to  Lake  Superior — Continued. 

Approaches — Continued. 

Timber  cribs . .  . . . . . . .  $417, 990 

Right  of  way  . . . . . .  25,000 

St.  Marys  River  _  . .  ...  . . . . .  12,435,007 


Waterway  from  Lake  Huron  to  Lake  Superior _ _  15,  739,383 

Waterway  from  Lake  Erie  to  Lake  Huron _ _  14,  751,407 


Total  for  waterway  from  Lake  Erie  to  Lake  Superior _ _  30.  490.  790 

Lake  Erie  to  Lak  ■  Michigan,  same  as  waterway  from  Lake  Erie  to  Lake 
Huron  ....  . .  . . . . . . . . 14,  751,  407 


On  account  of  the  irregular  cutting  necessary  to  excavate  a  channel 
to  the  required  width  and  depth,  no  table  showing  locations  of  the 
various  cuttings  has  been  made.  In  a  great  many  places  the  sides 
only  need  to  be  trimmed;  at  other  places  a  small  bar  extends  across 
the  channel. 

On  plates  2  to  13,  inclusive,  side  lines  of  the  channel  are  shown, 
only  where  cutting  is  necessary  for  the  30-foot  channel. 

Respectfully  submitted. 

Andrew  J.  Swift. 

The  Board  of  Engineers  on  Deep  Waterways. 


Appendix  No.  is. 

character  of  materials  on  deep  waterway  routes. 

The  instructions  of  the  Board  to  field  parties  required  that  borings 
should  be  made  at  such  frequent  intervals  along  the  routes  investi¬ 
gated  as  found  necessary  to  determine  the  elevation  of  the  rock  sur¬ 
face,  where  above  the  bottom  grade  of  the  proposed  waterways,  and 
to  determine  the  nature  of  the  materials  to  be  excavated,  if  the 
waterways  should  be  constructed. 

In  addition  to  these  borings,  diamond-drill  holes  were  bored  through 
the  rock  strata  of  locations  where  the  natural  outcrop  did  not  indicate 
the  nature  of  the  material  to  be  excavated  and  the  character  of  rock 
on  which  structures  would  have  to  be  founded. 

Samples  were  preserved  from  all  the  holes,  and  an  accurate  record 
kept  of  the  depth  from  which  taken. 

Vertical  sections  of  the  holes  along  the  located  lines  have  been 
plotted  on  the  profiles  of  the  routes,  and  the  limiting  lines  between 
different  kinds  of  material  sketched  in  between  adjacent  holes.  From 
these  sections  and  profiles  the  average  limiting  elevations  of  the 
bottom  and  top  of  the  different  kinds  of  materials  have  been  estimated 
and  compiled  in  the  annexed  tables. 

The  plates  showing  the  character  and  thickness  of  the  strata  at 
diamond-drill  holes  are  inserted  in  the  tables  in  connection  with  the 
corresponding  station  numbers  of  the  routes. 

Respectfully  submitted. 

(4eo.  Y.  Wisner. 

The  Board  of  Engineers  on  Deep  Waterways. 
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c  End  of  Hudson  River  Division.  /  Mixed  with  clay.  Oswego-Mohawk  routes. 
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\PPENDIX  NO.  19. 


DIAMOND-DRILL  BORING8. 


Detroit,  Mich.,  August  9 ,  1899. 


Gentlemen:  The  diamond-drill  investigations  to  determine  the 
nature  of  the  rook,  its  degree  of  hardness,  thickness  of  strata,  etc.,  at 
various  points  along  the  lines  of  the  United  States  deep-waterways 
surveys  was  taken  up  in  October,  1  $98,  and  carried  on  without  unnec¬ 
essary  delay  until  the  middle  of  May,  1899. 

In  all  25  test  holes  were  drilled,  aggregating  2,461.4  feet  of  com¬ 
bined  drift  and  rock  drilling,  and  distributed  as  follows: 


Foot. 


Tonawanda-Olcott  route.  9  holes  . 

Lasalle-Lewiston  route, holes 
Western  Division,  Oswego  route.  T  holes 
Northern  Division.  Champlain  route,  I  holes 


The  party  doing  tin*  work  consisted  of  superintendent  of  diamond- 
drill  borings,  at  $125  per  month ;  foreman  of  diamond-drill  borings,  at 
$  1 00  per  month;  teamster,  with  team  and  wagon  and  extra  wagon  and 
water  tank,  at  $75  or  $90  per  month;  two  laborers,  at  $55  jmt  month 
each;  night  watchman,  at  $55  per  month;  the  men  paying  their  own 
expenses,  except  car  fare,  in  moving. 

The  drill  outfit,  which  was  rented  of  tin*  Sullivan  Machinery  Com¬ 
pany,  of  Chicago,  consisted  of  an  S  drill,  capacity  500  feet,  mounted 
on  wheels  for  convenience  in  moving;  a  15-horsepower  iiortable  boiler; 
a  Blake  steam  pump;  1 2  carbons  ( 21  carat s),  and  tin*  necessary  e< ;u ip- 
nient  of  rods,  casing,  standpipe,  blank  bits,  tools,  etc.,  for  carrying  on 
the  work.  Three  hundred  dollars  jH*r  month  rental  was  paid  for  the 
outfit,  all  parts  broken  or  destroyed  being  paid  for  extra  at  the  list 
juices  of  tin*  Sullivan  Machinery  Comjiany.  The  loss  on  carbon  was 
paid  for  each  thirty  days  at  the  rate  of  $36.50  j>er  carat  for  all  loss  by 
wear  or  breakage;  all  stones  broken  or  worn  below  1  carat  in  weight 
being  considered  too  small  for  marketable  jmrposes,  and  hence  to  be 
j>aid  for  at  the  regular  rate. 

'file  Sullivan  Company  also  furnished  a  skilled  machinist  and  dia¬ 
mond  setter  to  serve  as  drill  foreman,  but  whose  salary  was  paid  by 
the  Board. 

In  addition  to  tin*  above  equipment,  a  shanty  for  the  protection  of 
tin*  machine  and  boiler,  and  men  while  working,  and  a  derrick  used 
in  raising  and  lowering  the  drill  rods,  were  necessary  and  were  pur¬ 
chased  by  the  Board. 

For  locating  the  position  of  the  drill  holes  on  the  maps,  and  also  for 
determining  the  surface  elevations  of  the  holes,  a  transit  and  stadia 
board  were  used,  “stadia”  or  “base  line”  hubs  of  the  tojxigraphical 
survey  being  used  as  reference  jaunts. 
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For  the  purpose  of  securing  better  core  samples  in  the  shales  or 
softer  rock  an  A  core  barrel,  drilling  a  lT3¥-inch  core,  was  used  on  the 
S  outfit,  which,  unless  specially  equipped,  drills  a  core  inch  in 
diameter. 

All  the  rock  core  secured  in  drilling,  whether  in  long,  unbroken 
pieces  or  badly  broken  up,  was  saved  for  samples.  For  storing  and 
saving  the  core,  boxes  about  8  feet  long  and  1  foot  wide  were  used, 
each  box  being  divided  into  6  compartments,  each  1^  inches  square 
and  8  feet  long,  by  longitudinal  strips  about  one-half  inch  wide,  run¬ 
ning  lengthways  of  the  box  and  securely  tacked  to  the  bottom.  The 
top  of  the  box  was  put  on  with  screws,  in  order  that  it  might  be  easily 
and  quickly  put  on  or  taken  off  at  any  time. 

In  drilling,  a  10-foot  core  barrel  was  used.  In  case  of  a  uniform 
grade  of  rock,  not  inclined  to  break  up  under  pressure  of  the  bit,  a 
10-foot  run  might  be  made  without  pulling  up  the  rods  to  empty  the 
core  barrel.  Generally,  however,  the  rock  broke  up  more  nr  less  in 
drilling,  in  which  case  it  would  often  “jam”  in  the  core  barrel,  and 
at  times  it  became  necessary  to  pull  up  and  remove  the  core  after  a  run 
of  not  more  than  1  or  2  feet  had  been  made.  In  either  case  the  core 
was  placed  in  regular  order  in  the  core  box,  each  “run”  being  sep¬ 
arated  from  the  one  preceding  it  by  a  one-half  inch  strip  across  the 
compartment,  and  on  which  was  marked  the  number  of  the  sample, 
thus:  S  No.  1,  S  No.  50,  etc.,  and  the  “runs”  following  in  regular 
succession  in  the  boxes.  On  the  longitudinal  strips  and  opposite 
each  “run”  was  marked  the  depth  from  and  to,  thus:  “26.5  feet  to 
34.9  feet.”  In  addition  to  the  above  markings  a  label  was  pasted  at 
the  side  of  each  sample  or  run,  giving  the  route  on  which  the  sample 
was  taken,  the  number  of  the  sample,  and  number  of  the  hole  and 
the  elevations  “  from — to.”  Thus:  Route,  Oswego;  number  of  sample, 
6;  number  of  hole,  1;  from  El.,  264;  to  El.,  257.7. 

The  winter  of  1898-99  was  unusually  long  and  the  roads  exception¬ 
ally  bad  most  of  the  time.  Long  and  frequent  moves,  in  many  cases 
over  almost  impassable  roads,  retarded  the  progress  of  the  work  and 
added  considerably  to  its  cost.  The  moves  by  rail  were  also  quite 
costly  from  the  standpoint  of  time  lost. 

Thirty-three  moves  were  made  by  teams,  covering  about  110  miles, 
fully  75  miles  of  which  were  made  over  bad  roads.  Five  moves,  aggre¬ 
gating  nearly  500  miles,  were  made  by  rail  during  the  progress  of  the 
work.  Considerable  delay  was  experienced  in  getting  cars  when 
wanted,  but  after  the  outfit  was  loaded  and  ready  for  shipment  it 
was  in  every  case  taken  through  to  its  destination  by  the  railroad 
company  in  charge  with  but  little  unnecessary  delay. 

Aside  from  delays  in  moving,  but  little  time  was  lost  on  account  of 
bad  weather.  The  work  was  carried  on  inside  the  shanty,  and  if 
water  for  the  boiler  and  pump  was  at  hand  the  work  did  not  stop  on 
account  of  storm.  There  were  two  and  a  half  days  during  the  winter 
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when  it  was  too  «■< >1<  1  and  stormy  to  haul  water,  and  the  work  had  to 
lx*  discontinued  until  the  storm  abated. 

On  the  following  pap's  of  this  report  are  given  the  work  done  at  the 
ditto  rent  holes.  Table  No.  1 .  {tap*  !»K5,  gi  ves  t  lie  amounts  of  drift  and  of 
rook  in  each  hole,  date,  and  ihe  number  of  hours  (1)  in  sinking  stand- 
pipe;  (i’)  in  roek  drilling;  (3)  moving;  and  (4)  delays.  The  total 
number  of  hours  is  based  on  ten  hours  jier  day,  six  days  per  week, 
but  one  day,  Thanksgiving,  181)8,  not  being  counted. 

A  careful  record  of  the  time  spent  in  both  drift,  and  roek  drilling 
was  kept  and  are  given  in  their  respective  columns  in  t lie  table.  The 
time  of  moving  is  also  closely  given,  on  a  basis  of  ten  hours  per 
day.  counting  the  time,  except  Sundays,  from  the  time  the  machine 
was  ready  to  move  from  a  hole  until  il  reached  the  location  of  the 
next  hole.  All  time,  on  a  basis  of  ten  hours  per  day,  not  sjK*nt  in 
drilling  or  moving  is  counted  in  the  column  of  delays.  The  amounts 
given  are  probably  a  little  larger  than  should  be,  especially  for  t he 
winter  months,  when  [rerhaps  nine  hours  to  nine  and  one-half  hours 
per  day  were  more  nearly  the  actual  time  put  in. 

Table  No.  ‘J,  page  tts7,  is  a  statement  of  the  earbon  losses,  giving 
(1)  approximate  looses  by  “  wear*’ and  ‘‘breakage;’’  (-)  kind  of  rock 
drilled  and  numlx-r  of  feet  of  each;  (.’1)  numlier  of  bits  used;  (4) 
average  {x-r  bit ;  (.5)  average  loss  per  foot,  life  of  carbon,  etc. 

Tables  Nos.  3,  4,  and  .5  give  the  total  cost  ami  cost  per  foot  (item¬ 
ized)  and  the  drill  repairs  used,  on  (1)  the  Tonawanda-Olcott  and 
Lasalle- Lewiston  routes,  (•_’)  Oswego-Mohawk  routes  and  (.4)  the 
Champlain  route,  respectively. 

'Table  No.  *i,  page  !)!»b,  a  comparison  of  the  actual  cost  of  the 
work  with  what  would  have  been  the  probable  cost  by  contract  under 
the  proposal  of  the  Sullivan  Machinery  Company  of  February,  18D8. 

TONAWANDA-OLCOTT  KoCTK. 

Diumotul  drill  hoh  So.  1.  —  Diamond  drill  hole  No.  1,  located  at 
Sawyers  Creek,  New  York,  was  the  tirst  diamond  drill  hole  put  down. 
The  drill  outfit  was  moved  from  the  freight  depot,  Tonawanda,  on 
October  .5,  1  808,  and  set  up,  and  on  the  following  day  hole  No.  1  was 
commenced.  'The  hole  was  abandoned  on  <  tetolier  8,  at  a  depth  of  41).  1 
feet,  elevation  .52!)  feet. 

The  limestone  ledge  w as  encountered  here  at  a  dept  h of  34.3  feet,  the 
material  above  the  rock  Ix-ing  clay,  with  some  sand  and  gravel.  But 
little  trouble  was  experienced  at  this  hole  getting  down  to  the  ledge, 
no  stones  or  bowlders  being  encountered. 

The  rock  was  found  to  be  a  line,  light-grav,  ami  quite  hard  lime¬ 
stone,  in  thin  seams,  which  alternated  with  layers  of  clay.  The  15.8 
feet  drilled  in  rock  gave  but  about  4  feet  of  core  samples,  no  pieces  of 
which  were  over  4  or  5  inches  in  length,  and  most  of  them  being  one- 
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half  t  o  2  inches  long.  The  layers  became  thin ner  as  the  depth  increased, 
and  the  rock  found  here  was  of  a  different  nature  from  that  found 
elsewhere  on  either  of  the  Niagara  routes,  in  that  it  was  lighter  in 
color,  finer  grained,  and  lay  in  thinner  layers.  Only  about  25  per 
cent  of  the  core,  after  striking  the  ledge,  was  saved,  the  clay  between 
the  rock  layers  grinding  up  and  washing  away. 

Diamond  drill  hole  No.  2. — Diamond  drill  hole  No.  2,  located  at 
Pendleton  Center,  N.  Y.,  was  commenced  on  October  10  and  finished 
on  October  18,  at  a  depth  of  114  feet,  elevation  476.6  feet. 

Considerable  trouble  was  experienced  at  this  hole  getting  down  to 
the  ledge.  The  drift  consisted  of  stones  and  bowlders  bedded  in  hard 
clay,  and  it  required  two  and  one-half  days  of  hard  work  to  get  the 
casing  down  and  seated  on  1  lie  ledge,  which  was  found  to  be  24.7  feet 
below  the  surface. 

The  rock  is  a  dark-gray  lime  conglomerate,  quite  hard  and  some¬ 
what  porous  in  places.  Good  core  samples  were  obtained,  some  pieces 
from  12  to  18  inches  in  length  being  obtained.  Only  in  a  few  places 
did  the  core  break  up  much  in  drilling,  fully  80  per  cent  of  the  core 
being  saved. 

A  piece  about  one-fourth  carat  in  weight  was  broken  from  one  of 
the  carbons  in  drilling  this  hole. 

Diamond  drill  hole  No.  3. — Diamond  drill  hole  No.  3,  located  near 
the  head  of  the  gulf  west  of  Lockport,  N.  Y.,  was  commenced  on  Octo¬ 
ber  19  and  finished  November  3,  at  a  depth  of  200.9  feet,  elevation 
387.9  feet. 

The  N  iagara  limestone  ledge  was  encountered  here  1.8  feet  below  the 
surface.  Below  the  Niagara  limestone,  which  was  found  to  be  about 
15  feet  thick,  or  at  elevation  571.9  feet,  Niagara  shale  was  entered, 
and  continued  for  70  feet,  elevation  501.8  feet,  when  Clinton  lime¬ 
stone,  alternating  with  layers  of  dark-gray  shale,  was  encountered. 
Below  this,  or  at  elevation  468.5  feet,  the  Medina  sandstones  and 
shales  were  entered,  and  continued  to  elevation  387.9  feet,  at  which 
point  the  hole  was  abandoned. 

The  limestones,  Niagara  shale,  and  the  shales  found  between  the 
sandstone  seams  all  drilled  nicely,  and  good  progress  was  made  in 
them,  but  the  sandstone  seams,  which  were  pink  or  gray,  or  mottled 
pink  and  gray  in  color,  proved  exceedingly  hard.  The  machine  had 
to  be  heavily  weighted  to  force  the  bit  into  the  rock;  the  carbons 
polished  badly,  and  not  nearly  such  good  progress  could  be  made. 

Good  core  samples  were  obtained  throughout  the  hole,  except  in 
the  red  and  green  shales  between  the  sandstone  layers.  These  ground 
up  and  washed  away  quite  badly,  so  that  some  runs  did  not  give 
more  than  about  80  per  cent  of  core. 

The  Niagara  shale  broke  up  but  little  in  drilling,  but  broke  easily, 
transversely  to  the  length  of  the  section,  on  being  removed  from  the 
core  barrel.  Many  pieces  a  foot  or  more  in  length  were  secured,  but 
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nearly  if  not  quite  all  of  these  were  broken  into  shorter  pieces  in 
handling. 

At  a  depth  of  7.5  feet  the  How  from  the  pump  was  lost  through  a 
creviee  in  the  ledge,  and  it  became  necessary  to  ream  and  sink  the 
casing  below  it  in  order  to  regain  the  flow.  This  proved  a  costly 
operation,  as  two  carbons,  aggregating  2J  carats  weight,  were  broken. 

A  strong  flow  of  natural  gas  was  struck  at  a  depth  of  70  feet,  blit 
it  soon  exhausted. 

The  last  in  feet  drilled  in  hole  No.  was  a  firm,  gray  shale,  quite 
different  from  any  of  the  preceding  shales  encountered  in  this  hole. 

Diamond  drill  holt  Xo.  4- — Diamond  drill  hole  No.  4,  located  1^ 
miles  southwest  of  I.oekport,  N.  V.,  was  commenced  on  November  3 
and  finished  November  7,  at  a  depth  of  58.6  feet,  elevation  54 H  feet. 

The  Niagara  limestone  ledge  was  encountered  at  a  depth  of  0  feet, 
and  continued  to  depth  of  4 S . *. *  f«*et,  elevation  557.7  feet,  where  t lie 
Niagara  shale  was  encountered,  and  penetrated  to  a  depth  of  58.6 
feet,  where  the  hole  was  abandoned. 

Tieces  of  core  samples  as  much  as  2.1*  feet  in  length  were  secured 
at  this  hole,  good  core  samples  being  obtained  throughout. 

I  tin  nmnil  d  rill  huh  A  o.  —  Diamond  drill  hole  No.  5,  located  about 
1  \  miles  west  of  I.oekport,  N.  Y.,  was  started  on  November  8  and 
finished  on  November  11,  at  a  depth  of  5s  feet,  elevation  5*57  feet. 

Clay,  sand,  and  gravel  were  found  to  a  depth  of  11.5  feet,  when  the 
Niagara  limestone  was  encountered  at  a  depth  of  45.5  feet,  elevation 
571*. 5  feet  Niagara  shale  was  encountered.  This  was  penetrated  to  a 
depth  of  5s  foot,  when  the  hole  was  abandoned. 

The  limestone  in  hole  No.  5  broke  up  badly,  causing  the  core  barrel 
to  “jam”  and  making  it  necessary  to  pull  up  quite  often  and  remove 
the  core.  The  shale  was  similar  t  *  *  that  found  in  holes  Nos.  3  and  4, 
good  samples  being  obtained. 

In  sotting  the  casing  at  this  hole  it  was  found  that  the  tine  sand 
could  not  be  shut  out  by  the  two  sets  of  casing  setting  on  tin*  ledge, 
which  seemed  to  1m*  sloping.  A  casing  bit  was  set  with  fragments  of 
carbons  and  drilled  into  the  rock  a  few  inches,  which  gave  a  good 
scat  ing. 

Holes  Nos.  4  and  5  wen*  put  down  for  the  purpose  of  forming,  with 
hole  No.  3,  the  vertices  of  a  triangle,  by  means  of  which  the  plane  of 
the  Niagara  shale  could  be  approximately  established. 

Piamond  drill  huh  Xn.  0. —  Diamond  <1  rill  hole  No.  6,  located  about 
_  miles  northwest  of  I.oekport,  N.  Y.,  was  commenced  November  11 
and  finished  November  26,  at  a  depth  of  104.3  feet,  elevation  332.1 
feet. 

The  Clinton  limestone  ledge  was  found  here  1.4  feet  below  the  sur¬ 
face,  and  continued,  alternating  with  layers  of  dark-gray  shale,  until 
a  depth  of  25  feet  was  reached,  when  the  sandstone  and  shales  similar 
to  those  found  in  hole  No.  3  were  entered.  At  depth  125.1  feet  the 
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sandstone  was  passed  through  and  firm  red  shale  was  encountered 
to  a  depth  of  194.3  feet,  when  the  hole  was  abandoned. 

At  94.2  feet  a  firm,  dark-gray  shale,  similar  to  that  in  which  hole 
No.  3  was  abandoned,  was  entered.  This  bed  of  shale  was  found  to 
be  about  15  feet  thick,  and  below  it  another  seam  of  extremely  hard, 
light-gray  sandstone  was  found.  This  is  about  15  feet  in  thickness, 
apparently  one  seam,  and  is  the  last  of  the  sandstone,  the  red  shale 
being  found  under  it. 

The  sandstone  in  hole  No.  5,  like  that  in  hole  No.  3,  was  extremely 
hard  drilling. 

Diamond  drill  hole  No.  7. — Diamond  drill  hole  No.  7,  located  about 
3  miles  north  of  Lockport,  N.  Y.,  Avas  commenced  on  November  28 
and  finished  December  G,  at  a  depth  of  99.9  feet,  elevation  267.2  feet. 

The  drift  AAras  found  to  be  13.7  feet  of  gravel;  beneath  it  is  red 
shale,  which  continues  to  99.9  feet,  where  the  hole  Avas  abandoned. 
Until  a  depth  of  70  feet  was  reached  the  shale  in  places  was  quite 
soft  and  inclined  to  ca\re.  On  attempting  to  pull  up  at  about  70  feet 
it  was  found  that  loose  material  had  caved  in  above  the  core  barrel, 
which  was  larger  than  the  rods;  after  raising  about  3  feet  the  core 
barrel  wedged,  and  it  was  found  necessary  to  ream  down  to  the  core 
barrel  and  drill  away  the  Avedging  material  before  the  core  barrel 
could  be  loosened.  The  casing  was  “churned”  down  until  the  top  of 
the  core  barrel  was  reached,  when  it  apparently  became  loosened. 
The  jacks  were  then  put  on  and  the  rods  raised  a  few  inches,  when  a 
rod  coupling  30  feet  beloAV  the  surface  broke.  It  then  became  neces¬ 
sary  to  ream  clear  to  the  bit  before  the  rods  became  sufficiently  loose 
to  be  raised  with  a  recovering  tap. 

A  good  firm  shale  Avas  found  belo\\r  70  feet  depth.  Abo\re  70  feet 
about  45  per  cent  of  the  core  ground  up  and  washed  away,  Avliile 
below  this  depth  only  about  10  per  cent  of  the  core  Avas  lost. 

Diamond  drill  hole  No.  8. — Diamond  drill  hole  No.  8,  located  about 
2  miles  south  of  Ne\\rfane,  N.  Y.,  was  commenced  on  December  7  and 
finished  December  13,  at  a  depth  of  180.3  feet,  elevation  175.8  feet. 

The  red  shale  ledge  was  encountered  here  at  13.5  feet  and  continued 
until  the  hole  A\ras  abandoned.  About  90  per  cent  of  the  core  was 
secured;  numerous  pieces,  each  1  to  2  feet  in  length,  were  secured, 
but  they  broke  into  shorter  pieces  in  handling. 

The  first  serious  trouble  in  moving  was  experienced  in  moving  from 
hole  No.  7  to  hole  No  8,  due  to  deep  snows  and  badly  drifted  roads, 
nearly  all  of  one  day  being  required  to  get  outfit  through. 

Diamond  drill  hole  No.  9. — Diamond  drill  hole  No.  9,  located  on  the 
beach  at  Olcott,  N.  Y.,  was  commenced  on  December  14  and  finished 
December  16,  at  a  depth  of  68.7  feet,  elevation  182.5  feet. 

Shale  Avas  encountered  here  at  9.6  feet  and  continued  until  the  hole 
was  abandoned;  it  Avas  found  to  be  similar  to  that  found  in  hole  No. 
8,  but  becoming  much  harder  as  the  depth  increased.  Seams  were 
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found  in  tin*  Iasi  10  foot  drilled  which  closely  rosomblod  soft  Medina 
sandstone. 

A  good  jiercentuge  of  core  samples  were  obtained. 

Another  difficult  move  was  experienced  from  hole  No.  s  to  hole  No. 
!*  on  account  of  deep  snow  drifts,  through  which,  in  places,  a  road  had 
to  be  shoveled. 

lasallk-lewist<  >n  k<  >utk. 

Diamond  drill  hoh  .Vo.  /. — After  finishing  the  Tonawanda-Olcott 
route  1  he  drill  out  tit  was  moved  to  Lasalle  and  the  work  on  t  he  Lasalle- 
Lewistou  route  commenced.  The  roads  being  blocked  with  snow,  the 
move,  2*>  miles,  had  to  be  made  by  rail.  Three  days  were  lost  waiting 
for  a  car  at  Xewfane,  though  one  had  been  ordered  three  days  before 
wanted.  No  unnecessary  delay  occurred  by  the  car  1mm ng  sidetracked 
between  Xewfane  and  Lasalle. 

The  outfit  was  moved  to  location  of  hole  Xo.  1,  near  Lasalle,  X.  V., 
on  December  22,  and  the  hole  was  finished  on  I  >ecember  -6  at  a  depth 
of  49.3  feet,  elevation  524.3  feet. 

At  hole  Xo.  1  were  found  23  feet  of  clay,  sand,  and  gravel.  Xiagara 
limestone  was  encountered  at  23  foot  and  penetrated  to  a  depth  of 
49.3  feet ,  when  the  hole  was  abandoned. 

One  piece  of  core  28  inches  in  length  was  secured  at  hole  Xo.  1; 
much  of  the  core  at  this  hole,  however,  broke  up  badly  in  drilling. 
( >ver  80  per  cent,  of  the  core  was  saved. 

Diamond  drill  hoh  Xo.  2.  Diamond  drill  hole  Xo.  2,  located  about 
3  miles  east  of  Xiagara  Falls,  X.  Y.,  was  commenced  on  Dceem I K*r  2f» 
and  finished  on  DecemlnM*  30,  at  a  depth  of  <’>8.7  feet,  elevation  523.3 
feet. 

Xiagara  limestone  was  found  at  lit. 0  feet  and  penetrated  to  a  depth 
of  I.7.K  feet,  when  the  hole  was  abandoned,  (»ood  core  samples  were 
obtained,  one  piece  22  inches  long  being  secured. 

Diamond  drill  hoh  Xo.  3. — Diamond  drill  hole  Xo.  3,  located  on  top 
of  the  ridge,  three-fourths  mile  south  of  Lewiston,  was  commenced  on 
December  31,  1898,  and  was  finished  on  January  20,  1 891*,  at  a  depth 
of  219  feet,  elevation  .’185.5  feet. 

Xiagara  limestone  was  encountered  at  9.0  feet ;  then  followed  in 
succession  Xiagara  shale  at  40.8  feet;  Clinton  limestone  and  shales, 
lll.d  feet,  and  Medina  sandstones  and  shales  at  142.1  feet.  The  last 
Id  feet  drilled  was  a  linn  gray  shale,  similar  to  that  found  at  holes 
Xos.  d  and  on  the  Tonawanda-Olcott  routes  at  somewhat  similar 
elevat  ions. 

The  rock  here  resembled  closely  that  at  hole  Xo.  d,  on  the  Tona¬ 
wanda-Olcott  route,  the  sandstone  being  extremely  hard  drilling. 

At  a  depth  of  104. 0  feet,  hole  Xo.  d  was  abandoned  for  the  time 
bei ng,  1  he  casing  being  left  in,  and  hole  Xo.  4  put  down  on  the  side  of 
the  escarpment,  it  being  thought  that  the  ledge  would  be  struck  there 
at  an  elevation  above  that  at  which  hole  Xo.  d  had  been  abandoned. 
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The  ledge  not  being  encountered  at  hole  No.  4  until  elevation  388.9 
feet  was  reached,  it  was  necessary  to  move  back  to  hole  No.  3  (which 
was  done  January  24,  after  finishing  hole  No.  4)  and  drill  deeper,  the 
hole  being  abandoned  at  219  feet  depth,  elevation  385.5  feet. 

Diamond  drill  hole  No.  J. — Diamond  drill  hole  No.  4,  on  shelf  on 
the  escarpment  at  Lewiston,  was  commenced  January  13  and  finished 
January  23,  at  a  depth  of  105  feet,  elevation  330.6  feet. 

This  hole  was  located  on  a  shelf  of  the  escarpment  and  the  surface 
of  the  ledge  was  found  to  lie  much  deeper  than  was  expected.  Forty- 
six  and  seven-tenths  feet  of  clay,  sand,  gravel,  and  bowlders  were 
drilled  through  before  the  ledge  was  encountered. 

Very  hard,  gray,  and  somewhat  broken  sandstone  was  found  at  46.7 
feet,  and  this  proved  very  hard  and  cbstly  drilling,  4  carats  weight  of 
carbons  being  fractured  or  broken  below  the  ‘  ‘  1  carat  ”  limit.  Twenty- 
two  and  one-tenth  feet  of  this  sandstone  was  passed  through,  when  at 
elevation  360  feet  the  red  shale  was  entered;  this  was  penetrated  to 
elevation  330.6  feet  when  the  hole  was  abandoned. 

On  attempting  to  pull  up  the  3-inch  standpipe  on  leaving  this  hole 
it  was  found  to  be  stuck  tight.  The  pipe  broke  at  a  coupling  in 
“  jacking”  and  the  drive  shoe  and  35  feet  of  pipe  had  to  be  left  in  the 
hole. 

Diamond  drill  hole  No.  5. — Diamond  drill  hole  No.  5,  located  about 
one-half  mile  north  of  Lewiston,  N.  Y.,  was  commenced  on  January 
27  and  finished  on  February  1,  at  a  depth  of  132.4  feet,  elevation  209.4 
feet. 

Red  shale  was  encountered  at  9.1  feet  and  continued  to  132.4  feet, 
when  the  hole  was  abandoned.  The  shale  in  this  hole  was  found  to 
be  softer  than  the  general  run  of  red  shale  previously  encountered, 
though  it  became  quite  firm  the  last  40  feet.  Fully  75  per  cent  of  the 
core  above  90  feet  ground  up  and  washed  away.  Below  this  point 
nearly  75  per  cent  was  saved. 

OSWEGO-MOHAWK  ROUTE  (WESTERN  DIVISION). 

Diamond  drill  hole  No.  1. — Diamond  drill  hole  No.  1,  located  at 
Oswego,  N.  Y.,  wras  commenced  on  February  4  and  finished  February 
13,  at  a  depth  of  105.1  feet,  elevation  201.2  feet. 

Under  12.8  feet  of  sand,  clay,  and  hardpan  at  this  place,  red  Medina 
sandstone  was  found;  at  48  feet  a  bluish  gray  sandstone  was  encoun¬ 
tered  and  this  hole  was  abandoned  at  105.1  feet.  The  rock  in  this 
hole  was  all  quite  hard,  but,  being  of  a  uniform  texture,  drilled  nicely. 
Good  core  samples  were  obtained,  one  piece  of  gray  sandstone  4.5 
feet  in  length  being  secured,  but  was  broken  in  handling. 

The  move  from  Lewiston  to  Oswego  was  made  by  rail  with  but  little 
delay,  the  car  leaving  Lewiston  on  Thursday  afternoon  and  arriving 
in  Oswego  about  noon  the  following  day. 

On  account  of  the  severe  storm  and  cold,  water  could  not  be  gotten 
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to  t lie  holo  ami  work  at  li« »1<*  No.  1  had  to  be  stopped  soon  after  noon 
on  February  9,  and  was  not  resumed  until  tin*  morning  of  tin*  lltli, 
when  the  storm  abated  somewhat.  This  was  tin*  tirst  time  lost  on  the 
work  on  account  of  bad  weather. 

Piatimntl-tln'H  hole  Xo.  2. — Diamond-drill  hole  No.  2,  located  at 
Minetto,  N.  Y.,  was  commenced  oil  February  14  ami  finished  March 
1,  at  a  depth  of  99. 3  feet,  elevation  2.59.4  feet. 

(Rent  difficulty  was  experienced  here  in  getting  the  easing  down  to 
the  ledge,  on  account  of  the  great  depth  of  saml,  gravel,  and  bowlders 
that  had  to  be  passed  through.  After  sinking  the  3-inch  standpipe 

21.3  feet  the  steel  drive  shoe  was  broken  otT,  necessitating  pulling  up 
and  starting  a  new  hole,  one  day  being  partly  lost  waiting  for  a  new 
shoe,  which  came  on  Monday  morning,  having  1h*cii  ordered  on  Satur¬ 
day  morning. 

The  3-inch  standpipe  became  “fast”  at  4‘>  feet  in  the  second  hole 
here,  and,  rather  than  risk  breaking  the  pijH*  again  by  heavy  driving, 
it  was  allowed  to  remain  at  that  depth,  and  only  the  --inch  easing 
was  sunk  the  rest  of  the  way  to  the  ledge,  which  was  encountered  at 

77.4  feet,  elevation  281.3  feet.  Fortunately  the  saml  and  other  foreign 
matter  could  lie  shut  out  with  one  >*et  of  easing  so  that  the  diamond 
bit  could  be  put  down. 

Red  Medina  sandstone  was  found  and  was  penetrated  to  a  depth  of 
119.3  feet,  when  the  hole  was  abandoned,  the  rook  being  similar  to  the 
red  stone  found  at  hole  No.  1. 

The  move  from  hole  No.  1  to  hole  No.  2  was  one  of  the  most  difficult 
of  the  winter,  owing  to  badly  drifted  roads.  The  boiler  and  machine 
were  each  mounted  on  runners.  The  boiler  being  quite*  heavy,  t  he  run¬ 
ners  cut  through  the  track  quite  often,  and  it  was  difficult  to  keep  it 
from  upsetting.  One  whole*  day  was  required  in  making  the  move, 
and  four  teams  were  required  to  take  the  boiler  up  one  hill,  which  was 
badly  drifted. 

As  lock  was  not  found  at  hole  No.  2  until  an  elevation  several  feet 
below  the  bed  of  the  Oswego  River  at  this  place  was  reached,  another 
diamond  drill  hole,  No.  3,  was  put  down  about  1,000  feet  upstream 
from  hole  No.  2,  where  there  were  indications  that  rock  would  Im* 
found  at  a  higher  elevation.  I’his  proved  to  be  the  case,  red  Medina 
sandstone  being  found  at  hole  No.  3  at  12.4  feet,  elevation  299.2  feet, 
and  was  penetrated  to  a  depth  of  31.3  feet,  elevation  2X0.3  feet,  when 
the  hole  was  abandoned.  The  sandstone  was  found  to  be  similar  to 
that  at  the  preceding  hole.  Numerous  layers  of  clay  4  to  5  inches  in 
thickness  were  found  alternating  with  the  rock  seams.  Only  about  70 
per  cent  of  the  core  was  saved. 

I >iti innntl-il rill  huh  X>>.  —  Diamond-drill  hole  No.  4,  located  at  Ful¬ 

ton,  N.  Y.,  was  commenced  on  March  4  and  finished  March  9,  at  a  depth 
of  Xt;.<j  feet,  elevation  288. S  feet. 

Eighteen  and  four-tenths  feet  of  drift  were  penetrated,  under  which 
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was  found  red  Medina  sandstone  in  which  the  hole  was  abandoned 
at  80.6  feet,  the  rock  being  similar  to  the  Medina  sandstone  found  in 
the  preceding  holes  of  this  route.  About  80  per  cent  of  the  core  was 
saved,  numerous  clay  seams  of  2  to  4  inches  being  encountered. 

Diamond-drill  hole  No.  5. — Diamond-drill  hole  No.  5,  located  about 
1-g-  miles  south  of  Phoenix,  N.  Y.,  was  commenced  on  March  10  and 
finished  on  March  11,  at  a  depth  of  52.8  feet,  elevation  310.3  feet. 

Dark-gray  shale  was  encountered  at  24  feet  and  penetrated  to  a 
depth  of  52.8  feet,  when  the  hole  was  abandoned.  This  shale  was 
quite  firm  and  contained  numerous  harder  seams  or  “knots,”  in  one 
of  which  a  corner  about  one-half  carat  in  weight  was  broken  from  one 
of  the  carbons.  About  75  per  cent  of  good  core  samples  were 
obtained. 

On  attempting  to  pull  up  the  standpipe  after  finishing  the  hole  it 
was  found  to  be  stuck,  the  sand  having  settled  around  it.  The  pipe 
broke  in  “jacking,”  and  10  feet  of  pipe,  with  the  drive  shoe,  had  to 
be  abandoned. 

Diamond-drill  hole  No.  6. — After  finishing  hole  No.  5  the  outfit  was 
moved  to  Phoenix  and  loaded  onto  a  car  and  shipped  to  Rome,  N.  Y., 
for  further  work  there,  no  unnecessary  delays  occurring  in  moving. 

Diamond-drill  hole  No.  0,  located  3-g-  miles  northwest  of  Rome, 
N.  Y.,  was  commenced  on  March  15  and  finished  on  March  23,  at  a 
depth  of  75  feet,  elevation  339.9  feet. 

A  broken,  slaty  material  was  found  at  this  hole  at  31.7  feet.  In 
“churning”  into  this  a  chopping  bit  was  broken  at  36.4  feet,  and  it 
was  necessary  to  pull  up  and  move  to  get  away  from  broken  bit. 

In  the  second  hole  soft,  slaty  material  was  found  at  31.6  feet. 
After  “  chopping”  into  this  about  6  feet  the  diamond  bit  was  put  down 
and  the  ledge  penetrated  to  a-  depth  of  75  feet,  elevation  339.9  feet, 
when  the  hole  was  abandoned.  The  rock  was  found  to  be  alternating 
seams  of  slate  and  limestone,  the  limestone  bands  being  quite  hard. 
Good  core  samples  were  obtained,  though  about  75  per  cent  of  the 
core  in  the  last  12  feet  ground  away.  One  day  was  lost  at  this  hole 
on  account  of  stormy  weather. 

Diamond-drill  hole  No.  7. — Diamond-drill  hole  No.  7,  located  about 
2  miles  northwest  of  New  London,  N.  Y.,  was  commenced  on  March 
24  and  finished  on  April  1,  at  a  depth  of  71.5  feet,  elevation  323.8  feet. 

This  was  another  hole  that  gave  considerable  difficulty  getting 
down  to  the  ledge  on  account  of  the  gravel  and  bowlders  encountered. 

The  ledge,  a  fine,  light-gray  limestone,  was  found  at  a  depth  of  59.7 
feet  and  penetrated  to  a  depth  of  71.5  feet,  when  the  hole  was  aban¬ 
doned.  The  rock  was  not  very  hard.  Good  core  samples  were 
obtained,  though  about  25  per  cent  of  the  core  ground  away. 

At  24.4  feet  what  was  thought  at  the  time  to  be  the  ledge,  but  after¬ 
wards  proved  to  be  a  limestone  bowlder,  was  encountered.  After 
drilling  in  it  about  8  inches  with  the  diamond  bit,  the  clay  was  again 
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encountered.  Tin*  stone  was  broken  up  with  dynamite,  so  that  the 
casing  might  In*  sunk  below  it. 

< )  1 1  April  It  the  outfit  was  moved  to  Rome,  X.  Y.,and  on  the  follow¬ 
ing  day  loaded  onto  a  ear  and  shipped  to  Champlain,  X.  Y.,  for  work 
on  the  Champlain  route,  northern  division.  A  delay  of  one  day  was 
occasioned  at  Rome  waiting  for  a  ear,  but  after  leaving  Rome  the 
outfit  received  but  one  delay  on  route  to  Champlain,  that  being  at 
Watertown,  X.  V..  where  the  ear  was  set  out,  but  was  taken  up  by 
the  next  train  and  arrived  in  Champlain  on  April  <». 

(’HAM PLAIN  KOCTK— NOKTHKHN  DIVISION. 

Diamond-drill  hole  .Vo.  1. — Diamond-drill  hole  No.  1,  located  1  mile 
southeast  of  Champlain,  X.  Y . ,  was  commenced  on  April  7  and  fin¬ 
ished  April  11,  at  a  depth  of  71.4  feet,  elevation  oh. 8  feet. 

Thirty-live  and  two-tenths  feet  of  soft  clay  were  found  above  the 
lodge  at  this  place.  The  rock  consisted  of  a  lime  quartzite  and  was 
extremely  hard  drilling,  the  machine  having  to  Is*  heavily  weighted 
to  force  the  bit  into  tin*  rook.  Rood  core  samples  were  obtained,  less 
than  10  percent  of  the  core  being  lost.  The  carbons  polished  badly, 
and  the  38.2  feet  of  rock  drilled  required  two  bits. 

/ )ia mond-d rill  hoh  So.  Diamond-drill  hole  Xo.  2,  located  about 
3  miles  northwest  of  Ilcmmiugford,  Quebec,  Canada,  was  commenced 
on  April  1  4  and  finished  on  April  19,  at  a  depth  of  s*>. l  feet,  elevation 
112.9  feet. 

The  move  from  hole  No.  1  to  hole  No.  2  was  an  exceedingly  difficult 
one  on  account  of  tin*  deep  mud,  two  days  being  required  for  the  14 
miles  and  an  equivalent  of  14  teams  for  one  day. 

The  ledge,  which  is  of  a  lime-quartzite  nature,  was  encountered  at 
7. G  feet  and  penetrated  to  85.  1  feet,  when  the  hole  was  abandoned. 
The  rock  was  all  exceedingly  hard  drilling,  the  carbons  polishing 
badly  in  it. 

Fully  95  per  cent  of  good  core*  sample*  was  obtained,  many  pieces 
being  each  1  to  3  feet  in  length.  A  strong  flowing  spring  was  encoun¬ 
tered  at  00  feet. 

J)iomond-<lrill  holt  So.  J. — Diamond-drill  hole  Xo.  3,  located  at 
Holton,  Quebec,  Canada,  was  commenced  on  April  21  and  finished  on 
May  3,  at  a  depth  of  108  feet,  elevation  92  feet. 

Owing  to  an  impassable  swamp  intervening  l>etween  holes  Nos.  2  and 
3,  the  outfit  was  loaded  on  a  ear  at  Johnsons,  Quebec,  and  shipped 
the  rest  of  the  way,  •'»  miles,  by  freight.  The  roads  from  hole  Xo.  2 
to  Johnsons  were  very  muddy  and  considerable  difficulty  was  expe¬ 
rienced  getting  through. 

The  set-up  at  hole  Xo.  3  was  made  on  the  rock  ledge,  which  was 
penetrated  to  los  feet,  when  tin*  hole  was  abandoned.  The  rock  was 
quartzite  from  top  to  bottom,  and  was  the  hardest  drilling  found  on 
the  work.  The  carbons  polished  badly,  and  5  bits  were  used  in  the 
]<>S  feet  drilled. 
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Over  95  per  cent,  of  good  core  samples  (one  piece,  4  feet)  were 
obtained  down  to  100-foot  depth,  when  badly  broken  stone  was 
entered;  this  ground  away  badly  and  nearly  00  per  cent  of  the  core 
lost. 

Two  carbons  were  broken  in  this  broken  stone;  one,  however,  had 
been  broken  below  the  1-carat  limit  in  hole  No.  4,  Lasalle-Lewiston 
route,  and  had  already  been  counted,  so  the  loss  by  breakage  here  was 
about  1  carat. 

Nearly  two  daj^s  were  lost  at  this  hole  waiting  for  blank  bits  and 
repairs  from  Chicago.  They  were  sent  through  in  bond  to  La  Colle, 
Quebec,  and  some  time  was  lost  in  getting  them  from  the  customs 
officers. 

Diamond-drill  hole  No.  4. — Diamond-drill  hole  No.  4,  located  at 
Ormstown,  Quebec,  Canada,  was  commenced  on  May  6,  and  finished 
on  May  10,  at  a  depth  of  78  feet,  elevation  49.0  feet. 

The  move  from  Holton  had  to  be  made  by  rail  and  one  day  was  lost 
at  Holton  waiting  for  a  car. 

One  very  bad  place  in  the  road  was  found  between  the  railroad 
and  the  location  of  hole  No.  4.  In  order  to  get  over  it,  2-inch  plank 
had  to  be  secured  and  about  40  feet  bridged.  The  village  of  Ormstown 
furnished  the  plank  free  of  charge. 

Forty-seven  and  nine-tenths  feet  of  sand  and  soft  blue  clay  were 
found  at  hole  No.  4,  above  the  ledge.  The  rock  was  a  lime-quartzite 
mixture  similar  to  that  found  in  holes  Nos.  1  and  2. 

Good  core  samples  were  obtained,  less  than  5  per  cent  of  the  core 
being  lost. 

As  soon  as  hole  No.  4  was  finished,  the  outfit  was  loaded  on  a  ear 
and  shipped  to  Chicago,  and  the  members  of  the  crew  returned  to 
their  point  of  starting  work  and  disbanded. 


Number  of  Feet  Drilled  and  Distribution  of  Time  on  Diamond  Drill 

Boring  Work. 

Table  No.  1. — Tonawanda-Olcott  route. 


No.  of 
hole. 

Stand¬ 

pipe. 

Rock. 

Feet  of 
rock 
reamed. 

Date. 

Days. 

Sink¬ 

ing 

stand¬ 

pipe. 

Si1’  Mot- 
root  *”*• 

De¬ 

lays. 

Depth. 

Com¬ 

menced. 

Fin¬ 

ished. 

Feet. 

Feet. 

Feet. 

1898. 

1898. 

Hours. 

Hours.  Hours. 

Hours. 

1 . - 

49.1 

33.3 

15. 8 

Oct.  5 

Oct.  8. 

3j 

5 

9  '  6 

15 

2  . 

114.0 

24.7 

89.3 

Oct.  10 

Oct.  18 

20 

30  6 

19 

3 . 

200.9 

1.8 

199. 1 

8.0 

Oct.  19 

Nov.  3 

13* 

3 

90  7 

30 

4 . . 

58. 0 

ti.O 

52.6 

Nov.  3 

Nov.  7 

31 

3 

16  4 

12 

5 

58. 0 

11.5 

46.5 

Nov.  8 

Nov.  1 1 

3.J 

15  6 

7 

6  . 

194.3 

1.4 

192  9 

Nov.  11 

Nov.  26 

12 

5 

88  5 

22 

7 . 

99.9 

13.7 

86.2 

52.9 

Nov.  28 

Dec.  6 

7 

13 

36  5 

26 

8 . 

180.  3 

13. 5 

166.8 

Dec.  7 

Dec.  13 

6 

6 

36  10 

8 

9 . 

67.8 

12.5 

55.3 

. 

Dec.  14 

Dec.  16 

3 

5 

11  10 

4 

Total . 

1,022.9 

118.4 

904.5 

60. 9 

63 

67 

331  59 

143 

In  hole  No.  3  the  flow  was  lost  at  7.5  feet,  and  it  was  necessary  to 
ream  8  feet  to  regain  flow.  About  2£  carats  carbon  was  broken  in 
this  reaming.  Hole  No.  7,  drill  rods  stuck  at  70.2  feet,  and  the  casing 
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had  to  be  reamed  to  (56.6  f«*ot  before  tin*  iods  lieeame  loose.  The 
easing  was  “churned”  down,  no  carbons  being  used. 


I.nxnlli  -  I  a  iristnn  routr. 


Date. 

Sink- 

Drill- 

Stand 

l’'l- 

ing 

stand- 

Mov¬ 

ing. 

De¬ 

lays. 

No.  of  tn>l«\ 

Depth 

Rock 

Com- 

Fin  ,,H>" 

intf 

r«N-k. 

menced. 

ished. 

l.ipe. 

Fr<  1 

Frrl. 

/'•  el. 

1K9W 

1808 

//on  rs 

//on  rs. 

Hours. 

Hours. 

1 . 

ie  a 

23.11 

2»4  3 

I  ><•<’.  17 

Dec.  244  7» 

5 

12 

63 

5 

> 

(V*.  7 

12  a 

614  1 

Dec  2*> 

Deo  :»•  44 

a 

at 

5 

u 

18119 

IS 

36 

3 . 

219.  0 

9.  a 

an*  4 

I  >04’.  Ill 

Jan.  2>’i  14 

10 

k: 

10W. 

an 

8 

4  ........ 

106.0 
Ui  4 

4ii  7 

9  1 

58  3 

123  a 

Jan  13 
Jan.  27 

Jan.  St  9 

Feb.  1  6 

:<2 

4 

3B 

24 

a 

4 

Total . 

674.4 

101.0 

tr.i. « 

40 

67 

la? 

HO 

86 

Omnyo-Mohairk  routr,  m-stern  fiirixion. 


No.  of  bole. 

Depth. 

Stand- 

Pipe. 

Bock 

Date. 

Com-  Kin- 

Days 

«£d-  r!':t 

ptpo 

Mov¬ 

ing. 

De¬ 

lays. 

mi'ticed 

i -Oil'd. 

».f. 

h'rrl 

Ft » t. 

1*»9. 

1899 

Hour*  Hours 

Hour*. 

Hours. 

lift  1 

12.8 

92  3 

Feb  2 

Feb  13 

'•( 

5  42 

2»S 

'.*!•  3 

77  4 

21.9 

Feb  14 

Mar  1 

14 

Hit  11 

15 

M 

31  3 

12  4 

1H  it 

Mar  1 

Mar.  3 

-*( 

5  0 

ft 

7 

HIV  li 

1H  4 

I*  2 

Mar.  4 

Mar.  9 

5 

H  23 

a 

13 

62.8 

24  0 

2H  H 

Mar  1" 

Mar.  11 

*» 

3  7 

a 

4 

75.0 
71  5 

37.0 
86.  7 

:tn  o 
11.8 

Mar  12 
Mar.  24 

Mar  2t 
Apr.  1 

10 

8 

at  15 

68  6 

at 

8 

29 

9 

Total . 

621.6 

241.7 

279. 9 

*•  . * 

'  **•* 

61 

If*  111 

« 

118 

On  account  of  drive  shoe  to  standpipe  breaking  at  depth  21.3  feet, 
first  location  of  hole  No.  :5  was  abandoned  and  new  hole  started. 
First  location  hole  No.  6  abandoned  at  ilti.4  feet  on  account  of  a 
broken  bit. 

(’hiunpluin  routr,  northern  tlivixion. 


No.  of  liolo. 


1 . 

2 . 

3  . 

4  ..... 

0 

Total  ... 


Date 

Drill- 

>*»•  Jx 

i  pipe. 

l>«-pth. 

Com¬ 

menced 

Fin¬ 

ished. 

Mov¬ 

ing. 

I  >•  - 

layn. 

Fret. 

/>»  1  Feel. 

law. 

1899 

Hours.  Hours 

Hours. 

Hours. 

71  4 

36  2  36. 2 

Apr  3 

Apr  11 

8  8  22 

4.’. 

10 

85  1 

7  tl  77  5 

Apr  12 

Apr  in 

7  4  40 

at 

a 

los  0 

.  108.0 

Apr  at 

May  3 

11  0  fd 

26 

21 

780 

47  9  at  1 

May  3 

May  12 

8  ft  IX 

;t5 

:t42  5 

no.  7  ’SA  h 

34  |  12  144 

126 

:w 

The  actual  time  spent  in  sinking  standpipe,  rock  drilling,  and  in 
moving  are  very  closely  as  given,  the  time  moving  being  counted  on 
a  basis  of  ten  hours  per  day  from  the  time  the  outfit  was  ready  to  be 
moved  from  a  hole  uni  il  it  reached  1 1n*  loeat ion  of  the  succeeding  hole. 

“Delays"  include  all  time,  on  ilu*  basis  of  ten  hours  per  day,  not 


DEEP  WATERWAYS. 


987 


spent  in  actual  drilling  or  moving.  They  are  perhaps  a  little  large, 
especially  in  the  winter  months,  when  the  days  were  short. 


Total  drilled . . . feet..  2,461.4 

Total  standpipe . . . . . . . .do _  551. 8 

Total  number  hours  sinking  standpipe . .  325 

Average  number  feet  per  hour . . . . .  1.70 

Total  rock... . . . . . . feet..  1,909.6 

Total  number  hours  rock  drilling .  753 

Average  number  feet  per  hour . . .  2.  53 

Total  number  days  drilling . . . .  188 

Average  number  feet  drilled  per  day  for  actual  munber  working  days...  13. 1 
Average  number  feet  drilled  per  day,  not  counting  time  moving  (152.4 

days) . . . _• _  16. 2 


Five  days,  besides  Sundays  and  delays  in  moving,  were  lost  during 
the  progress  of  the  work,  viz:  One  holiday,  two  and  one-half  days  on 
account  of  storms,  and  one  and  one-half  days  waiting  for  repairs  from 
Chicago. 

Table  No.  2. — Carbon  losses. 


From — 

To— 

Wear. 

Break¬ 

age. 

Lime¬ 

stone. 

Shales. 

Sand¬ 

stone. 

Quartz¬ 

ite. 

Number 
of  core 
bits 
used. 

Average 
number 
feet  drilled 
per  bit. 

1898. 
Oct.  1 
Nov  1 

1898. 
Nov.  1 
Dec.  1 

Carats. 

■m 

m 

41 

Carats. 

3 

Feet. 
137.8 
90. 9 

Feet. 
106.9 
164. 7 

Feet. 

30.0 

65.0 

Feet. 

3 

2 

91.6 

161.3 

Dec.  1 

1899. 
Jan.  1 

82.4 

309.2 

1 

391.6 

1899. 

J  an .  1 

Feb.  1 

54  fi 

4 

53.4 

240.8 

67. 1 

4 

IK).  3 

Feb.  1 

Mar.  1 

II 

29.7 

114.2 

2 

71.9 

Mar.  1 

Apr.  1 
May  1 
May  12 

1 A 

06  0 

i 

49.8 

28.8 

87.1 

1 

165. 7 

Apr.  1 
May  1 

30.1 

151.7 

26.0 

H 

i 

70.0 

2 

.35.0 

Total . 

biaj 

9 

444.4 

880.1 

363.4 

221.7 

22 

86.9 

The  amounts  of  wear  and  of  breakage  in  the  above  table  are  approxi¬ 
mate,  only  the  total  loss  at  each  weighing  being  definite. 

Total  number  feet  of  rock  drilled,  including  8  feet  of  reaming  at  hole  No. 

3,  Tonawanda-Olcott  route . . . . .  . . feet..  1,917.6 

Total  carbon  loss  (25/T  carats  at  $36.50)  . . . .  $915. 91 

Average  loss  of  carbon  per  foot  of  rock  drilled  (0.001307  carat)  .per  foot. .  $0. 477 

Average  loss  (wear)  of  carbon  per  foot  of  rock  drilled  (0.000838  carat), 

per  foot  . . . .  .  $0. 306 

Average  weight  per  stone  of  carbons  furnished  for  the  work _ carats..  2. 136 


Average  life  per  stone  of 


2.136  carats,  163.5  feet  or  76.5  feet  per 


carat. 

The  greatest  number  of  feet  of  rock  drilled  without  resetting  car¬ 
bons  was  310  feet  of  shale  and  81.6  feet  of  limestone — total,  391.6 
feet — on  the  Tonawanda-Olcott  and  the  Lasalle-Lewiston  routes. 

The  least  amount  drilled  without  resetting  the  carbons  occurred  at 
hole  No.  3,  on  the  Champlain  route,  where  one  bit  drilled  but  15.4 
feet,  another  bit  drilling  in  the  same  hole  15.6  feet. 
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T  vlti.i  No.  3. — Cost  of  diamond  drill  borings,  rejxiirs,  rtf. 
I.  ASALI. E-LEWISTON  AND  TON  A  W  ANDA-OLCOTT  ROUTES. 


Rental  . . 

( larbon . 

Labor  . 

Twunatar  . 

Teaming  (extra'.... 
Nnperintandem-e  .. 

Repaint  . 

Goal 

Lmn1>er . 

( 'or>' 

Fn  itrlit  and  exprex* 
Traveling  expense 
Sundries . 

Tutnl . . 


T>>t»l  coat. 

Coat  per 
foot 

$1,230  m 

JO.  7*45* 

#75  8| 

421 

875.  *44 

.  642 

m 

.  124 

112  26 

.077 

612. «) 

.321 

m  *« 

.042 

S3  38 

.on* 

67  *1* 

.030 

'.'*(«) 

.015 

M  40 

.1*42 

*57  08 

.1*42 

44  •»! 

.028 

4.ol»4  Ml 

2  404 

Total  numl>cr  f«‘»*l  drilled,  1,597.3. 

Item  “  Repairs"  oonsist4*d  of: 

10  blank  corf  bits,  at  $1.25  . . . . . . $12. 50 

1  bevel  core  shell . . . . . .  5. 00 

1  straight  core  shell . . . . . . . .  8.25 

1  split-ring  core  lifter .  3.15 

2  Cossette  core  lifters,  at  $3.80 .  .  7.  00 

1  Reamer  face  . . . . . .  2.50 

4  rod  couplings.  at$l . .  4. 00 

l  water awivel  ......  .  ....  8. oo 

1  casting  for  safety  clamp . .  8. 50 

1  3-inch  drive  shoe . . . . . . .  7.00 

35  feet  3-inch  drive  pipe,  at  29  cents . . .  10. 15 


Total .  60.65 


Item  “  I. mnlter  "  consists  of  material  for  shanty  12  by  18  by  74  feet 
with  Mooring,  and  3  to  »i  by  0  inch  by  33-foot  pine  timlicrs  for  derrick. 

Soft  coal  used,  44,735  pounds;  average  price  per  ton,  $2.83. 

Number  of  pounds  of  coal  per  foot  drilled,  28. 

In  addition  to  above  items  of  cost  there  wen*,  at  close  of  work 
freight  charges  amounting  to  8113.40,  and  $63.12  traveling  expenses 
for  return  of  outfit  and  men.  Dividing  this  equally  per  foot  drilled 
on  whole  work,  the  cost  of  work  on  above  lines  is  increased  $0,072  per 
foot,  making  total  cost  per  foot  $2,566. 

While  engaged  on  these  lines  the  Sullivan  Company  replaced  the 
following  “  worn  ”  parts:  Sixteen  feet  steam  hose,  4  pump  valves,  1 
brass  lining  for  pump  cylinder. 
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Table  No.  4. — Cost  of  diamond  drill  borings,  repairs ,  etc. 
OSWEGO-MOHAWK  ROUTE,  WESTERN  DIVISION. 


Item. 


Rental . 

Carbon  . 

Labor . . 

Teamster . . 

Teaming  (extra) _ 

Superintendence  ... 

Repairs .  . 

Coal . . . 

Core  boxes . . 

Freight  and  express 
Traveling  expenses 
Sundries . . 

Total  .  . . 


Total  cost. 

Cost  per 
foot. 

$600. 00 

$1,150 

7 2.  43 

.139 

530. 00 

1.016 

180.00 

.345 

92.50 

.177 

250. 00 

.479 

52.50 

.101 

34. 25 

.066 

5. 10 

.010 

74. 60 

.  143 

30.  27 

.058 

28. 31 

.054 

1,949.96 

3.738 

Total  number  feet  drilled,  521.6. 

“  Repairs”  on  above  line  consisted  of — 

3  blank  core  bits,  at  $1.25 . .  $3.75 

2  3-inch  drive  shoes,  at  $7 . . . .  14.00 

19  feet  3-inch  drivepipe,  at  29  cents.. . . .  5.  51 

1  straight  core  shell . . . . . . .  3. 25 

1  cosette  core  lifter . . . . . . .  3. 80 

2  3-inch  chopping  bits,  at  $5.75 . . . . 1 1 . 50 

1  double-edge  chopping  bit . .  6. 25 

1  rod  coupling  .  . . . .  1.00 

8  feet  2-inch  casing,  at  43  cents .  .  3. 44 


Total . . .  52.50 


Soft  coal  was  used,  22,430  pounds;  average  price  per  ton,  $3,055. 

Number  of  pounds  of  coal  per  foot  drilled,  43. 

Adding  $0,072  per  foot  for  return  of  outfit  and  men  at  completion 
of  work  gives  total  cost  per  foot  drilled  $3,810. 

While  engaged  on  this  line  the  Sullivan  company  replaced  the  fol¬ 
lowing  ‘  ‘  worn  ”  parts :  One  brass  lining  for  pump  cylinder,  1  piston  rod 
for  pump,  6  fire  grates  for  boiler,  1  copper  strainer  for  suction  hose, 
16§  feet  water  hose,  12  feet  steam  hose. 

Table  No.  5. — Cost  of  diamond-drill  borings,  repairs,  etc. 

CHAMPLAIN  ROUTE,  NORTHERN  DIVISION. 


Item. 


Rental  . . 

Carbon . . .  .. 

Teamster . 

Teaming  (extra)  .... 

Labor . . 

Superintendence 

Repairs . . . 

Coal  and  wood . 

Core  boxes . . 

Freight  and  express 
Traveling  expenses. 
Sundries. . 


Total  cost. 

Cost  per 
foot. 

$376. 45 

$1,099 

167. 67 

.490 

126. 00 

.368 

65. 25 

.  190 

351.17 

1.024 

187.7)0 

.547 

24. 65 

.072 

25. 17 

.073 

6. 80 

.020 

77.30 

.225 

68.  78 

.201 

18. 57 

.057 

1,496. 31 

1.366 

Total 
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Total  number  of  feet  drilled,  342.5. 

“  Repair''"  on  above  line  consisted  of — 

0  blank  core  bits,  at  $1.23 . 

1  casting  for  safety  clamp . 

2  casing  bits,  at  $•'!  . . 

1  roil  coupling  and  1  foot  rod  . 

1  sand  pump . . . . 

1  p gallon  oil  can . 


$11.25 
8. 00 
li  <»o 
8, 00 
1.00 


.50 


Total .  24.65 

Soft  coal  was  used,  2,3'.»0  pounds;  average  price  per  ton,  $4.75. 

Six  cords  hard  wood  used;  average  price  j>er  cord,  $3.25. 

Adding  $0,072  |M*r  foot  for  return  of  outfit  and  men  at  completion 
of  work  gives  total  cost  per  foot  drilled  $4,438. 

T  vltii  No.  6. — Cost  of  diamond-drill  borings  comjsiml  with  jirnhahlc  cost  had 

i mrk  been  done  by  contract. 


I  tom. 


Hontal . . . 

Carbon  . 

Teamster  . 

Teaming  i extra i .  . . . 

Superintendence  ....  . 

Coal  ami  wood  . 

Lumber 

Core  1xix«*h  .  . . . . . 

Freight  and  express .  . 

Tra v.-ling  expeneee  . 

Sumlriet*  .  . 

ifrtlH  fiM>t  nx'k. at  $3  .25a  . . . . 

2.U77.H  feet  rock,  at  J2.25 . 

Total  . . . . 


Proliable  coat  by 


Total  r.ist 

t  "list  |MT 
foot. 

contract. 

TotaL 

Per  foot. 

>2,  am  v. 

015  1*1 

pi.  HUH 
.1472 

I'd  1" 

.  H»12 

1,756  Hi 
605.00 

714 

240 

put')  00 

p*  24H 

270  i»* 

100 

270  i«i 

1110 

050  10 

,:S«i 

060. 10 

,:m* 

122  so 

.060 

57 

IC1 

86.  .V) 

.014 

36  .50 

014 

:tll  70 

.  1.15 

2H1  70 

106 

•J20  25 

.OKI 

220  S> 

.008 

HI.  64 

,'Cfl 

. 

1.247.36 

}•  62  406 

4.1174  HO 

7. 717. 75 

3. 137 

h,  274. 50 

3.364 

n  In  th«>  estimate  it  is  assumed  that  130  f«'«*t  of  tho  *andstou«*  on  the  Tonawanda-Olcott 

ami  the  Luonlle  Lew  is  ton  routes,  ulaoall  the  r<s-k  on  the  I>t»Ke  Champlain  rout«*  is  harder  than 
“Niagara  limestone."  It  is  possible  tlmt  some  of  the  sandstone  on  the  Oswego-Moh&wk  route 
would  also  have  ls>en  e loosed  as  harder  than  " Niagara  limestone,"  but  it  is  not  so  treated  in  the 
ubove  estimate 
6  Average. 


If  tin*  U0.lt  foot  of  rook  reamed  in  holos  Nos.  3  and  7,  Tonawanda- 
Olcott  route,  and  t  In*  7>7.7  foot  of  extra  drift  tlrillotl  in  liolos  Nos.  2 
and  (i,  Oswcgo-Mnhawk  route,  bo  oountod,  thou  tin*  total  number  of 
foot  tlrillod  is  2,580  foot,  and  tin*  cost  per  foot  $2,014. 

The  “probable  oost  by  contract"  is  based  on  a  proposition  made 
by  the  Sullivan  Machinery  Company  in  February,  1808,  in  which  they 
offered  to  drill  all  rook  not  harder  than  Niagara  limestone  for  $2.25 
per  foot,  but  on  all  harder  grades  of  rook  (than  Niagara  limestone)  a 
price  of  $3. 25  to  be  charged.  In  addition,  the  Hoard  to  furnish  water 
for  the  boiler  and  pump,  pay  for  moving  outfit  from  place  to  place, 
except  freight  charges  to  and  from  place  of  beginning  work,  and  the 
cost  of  superintendence  would  also  have  to  bo  allowed  by  the  Board. 
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The  freight  charges,  approximately,  on  outfit  from  Chicago  to 
Tonawanda  and  return  are  deducted  in  determining  “probable  cost 
by  contract.” 

Respectfully  submitted. 

R.  C.  Smith, 

Superintendent  Diamond  Drill  Borings. 
The  Board  of  Engineers  on  Deep  Waterways. 


Appendix  No.  20. 

PRECISE  LEVELS  ALONG  ST.  LAWRENCE  RIVER  AND  LAKE 

ST.  CLAIR. 

Detroit,  Mich.,  November  30,  1809. 

Gentlemen:  I  have  the  honor  to  submit  the  following  final  report 
on  precise  level  work  along  St.  Lawrence  River  from  St.  Regis  to  Tib¬ 
betts  Point,  N.  Y.,  and  along  Lake  St.  Clair  from  Grossepoint  to  New 
Baltimore.  Mich.,  performed  by  me  between  July  11,  1898,  and  July 
6,  1899. 

The  St.  Lawrence  River  levels  were  paid  for  by  the  LTiited  States 
Board  of  Engineers  on  Deep  Waterways,  and  the  Lake  St.  Clair 
levels  were  carried  out  under  the  United  States  Lake  Survey  in  con¬ 
nection  with  a  special  project  for  the  investigation  of  lake  levels. 

The  instrument  outfit  was  furnished  by  the  Lake  Survey,  and  con¬ 
sisted  of  a  new  precise  level  purchased  expressly  for  this  work  and 
Lake  Survey  level  rods  1  and  5,  which  were  slightly  altered  and 
adapted  to  steel-pin  turning  points  instead  of  the  old  style  footplates 
formerly  used. 

In  accordance  with  orders  from  the  United  States  Board  of  Engi¬ 
neers  on  Deep  Waterways  I  was  directed  to  establish  18  water  gauges 
at  assigned  points  on  St.  Lawrence  River,  and  after  observing  water 
levels  for  a  period  of  ten  days  by  gauge  readings  taken  every  ten 
minutes  between  6  a.  m.  and  (1  p.  in.  These  gauges  were  to  be  con¬ 
nected  by  a  duplicate  line  of  precise  levels.  Permanent  bench  marks 
were  to  be  established  at  least  3  miles  apart  and  in  all  towns  or 
settlements  along  the  line. 

In  accordance  with  orders  from  the  officer  in  charge  of  the  United 
States  Lake  Survey  the  duplicate  precise  level  lines  Gibraltar-Grosse- 
point,  and  New  Baltimore-Fort  Gratiot,  Mich.,  run  by  Mr.  O.  AY.  Fer¬ 
guson  for  the  United  States  Board  of  Engineers  in  1898,  were  to  be 
connected  by  a  duplicate  precise  level  line  along  Lake  St.  Clair  from 
Grossepoint  to  New  Baltimore. 

Between  July  13  and  16,  1898,  the  party  was  organized  at  Ogdens- 
burg,  N.  Y.,  gauge  boards  were  graduated,  and  preparations  for  plac¬ 
ing  all  permanent  bench  marks  were  completed. 
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From  .July  is  to  2J,  1808,61  permanent  bench  marks  were  placed 
and  described  and  the  18  water  pluses  were  established. 

During  the  period  from  July  25  to  August  8,  1898,  the  18  water 
gauges  were  twice  referenced  to  temporary  bench  marks,  and  gauge 
readings  were  taken  at  ten-minute  intervals  for  t he  ten  days  from  .1  uly 
27  to  August  6. 

On  August  0,  1898,  the  instrumental  constants  were  determined  on 
a  carefully  measured  loo  m.  base  line  in  Ogdensburg,  N.  V.,  and  on 
the  following  day  the  party  proceeded  to  llogansburg  to  commence 
leveling  operat  ions. 

Leveling  was  continuously  carried  on  from  August  11  to  November 
27,  1899,  lx  •tween  St.  Regis  and  Alexandria  Hay,  New  York;  from  May 
1  to  June  2,  Is'.*!',  between  Alexandria  Hay  ami  Tibbetts  Point,  New 
York  and  from  June  10  to  Julys,  1S99,  between  (irossepoint  and  New 
Baltimore,  Mich.  The  field  notes  of  the  St.  Lawrence  River  work  were 
reeheckcd  and  compiled  between  Novemlier 28 and  Decemlier  16,  1S!)8, 
and  between  June  6  and  9,  1899.  The  Lake  St.  Clair  levels  were  com¬ 
piled  and  tabulated  by  Mr.  Amos  F.  Kverett  between  July  10  and  28, 
1899. 

The  party  consisted  of  Mr.  Murray  Blanchard,  recorder;  Messrs. 
Amos  F.  Kverett  and  Harry  Wild,  roduicn,  and  Mr.  Herbert  F.  Briggs, 
umbrellaman,  with  myself  as  observer.  During  the  season  of  1899 
Mr.  A.  H.  Horton  was  rod  man  in  the  place  of  Mr.  Wild, and  Mr.  Harry 
Beauvais  was  umbrellaman  on  the  Lake  St.  Clair  work. 

I  take  this  opportunity  of  expressing  my  sincere  thanks  to  the  mem¬ 
bers  of  my  party  for  the  faithful  and  efficient  services  rendered.  In 
all  this  work  there  was  not  one  failure  to  close  a  stretch  which  could 
be  attributed  to  a  misreading  of  a  rod,  an  error  of  recording,  or  care¬ 
less  rodding.  Each  man  was  expert  in  ]H*rforming  Ids  duties  and 
knew  and  appreciated  the  relation  of  his  own  work  to  the  work  as  a 
whole.  To  this,  and  especially  to  the  ardent  lubors  of  Messrs.  Blanch¬ 
ard,  Kverett,  and  Horton,  may  In*  largely  attributed  the  rapid  progress 
and  suecessf id  prosecut ion  of  t  he  work.  The  high  degree  of  accuracy 
attained  in  this  work  is  due  to  the  extreme  patience,  eternal  vigilance, 
and  careful  study  of  the  observer  and  the  methods  employed. 

A>  the  orders  were  free  from  all  restrictions  relating  to  methods,  I 
was  free  to  act  in  accordance  with  my  own  views  and  experience,  and 
as  a  result  devised  a  method  of  precise  leveling  which  is  believed  to  be 
the  best  now  in  use.  This  method,  together  with  a  description  of  the 
inst  ru incut s  used  and  some  stat i sties  of  results  and  cost ,  will  be  briefly 
given  in  the  following: 

1.  DESCRIPTION  OF  INSTRUMENTS. 

The  level  used  is  known  as  Buff  A  Berger  precise  level  No.  2768, 
and  is  one  of  six  instruments  built  in  1897-98,  essentially  after  the 
design  by  Prof.  T.  C.  Mendenhall,  president  of  the  Worcester  Poly¬ 
technic  Institute. 
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The  entire  instrument  is  made  of  bronze,  except  the  telescope  col¬ 
lars  and  the  vertical  spindle,  which  are  of  hard  steel.  The  telescope 
is  supported  on  four  agate  points  by  a  cradle,  pivoted  at  the  center  of 
the  instrument,  which  latter  is  supported  on  a  very  substantial  tripod 
by  three  leveling  screws.  The  striding  level  is  loosely  held  in  posi¬ 
tion  by  lateral  guides.  Two  small  tubular  levels,  set  at  right  angles 
to  each  other,  serve  for  quick  leveling  of  the  instrument,  and  the  level 
tube  is  centered  for  each  rod,  reading  by  means  of  the  line  microme¬ 
ter,  which  acts  on  the  cradle.  The  striding  level  is  chambered  at  one 
end,  thus  making  the  length  of  the  bubble  adjustable.  A  mirror, 
revolving  about  a  horizontal  axis  over  the  center  of  the  level  tube, 
enables  the  observer  to  read  the  bubble  for  both  positions  of  the  level 
tube  without  removing  his  eye  from  the  telescope. 

The  properties  of  this  instrument,  as  received  from  the  maker,  were 


as  follows: 

Focal  length  of  objective . .  . . . .. .  .min._  402 

Diameter  of  objective . . ..do...  38 

Magnifying  power  of  telescope . . . . . diameters..  50 

Ratio  of  telemeter  threads  . . .  . .  1:100 

Value  of  level  tube  per  2  mm.  division . seconds..  5 

Weight  of  instrument . . . . . . . kilograms..  5.3 

Weight  of  tripod  stand  . . . . . . . . do _  7. 6 


During  the  season  of  1898  the  following  objectionable  features 
were  discovered  in  this  instrument: 

The  thread  interval  was  far  too  large  to  permit  of  sharp  focusing  on 
all  three  threads,  thus  making  the  readings  on  the  extreme  threads 
much  less  reliable  than  those  on  the  middle  thread. 

The  coarseness  of  the  level  tube  proved  to  be  a  decided  disadvan¬ 
tage,  as  the  bubble  did  not  indicate  the  true  pointing  of  the  telescope 
only  when  absolutely  at  rest,  a  condition  requiring  great  care  and 
considerable  loss  of  time  to  acquire.  This  circumstance  limited  the 
length  of  shot  to  about  50  meters,  and  even  under  very  favorable 
weather  conditions  longer  sights  could  be  taken  only  with  the  utmost 
care.  Also,  the  angular  position  of  the  mirror  was  not  adjustable, 
thus  causing  a  certain  parallax  of  the  bubble  image,  which,  however, 
was  constant  for  all  readings. 

The  stop  device  for  the  telescope  was  quite  poor  and  did  not  permit 
of  adjusting  the  threads  so  that  these  would  be  horizontal  for  both 
the  normal  and  inverted  positions  of  the  telescope.  The  agate  sup¬ 
ports  of  the  telescope  suggested  some  danger  of  wearing  the  steel  col¬ 
lars,  and  it  appeared  desirable  to  reverse  this  condition  by  replacing 
the  former  by  soft  brass  points,  thus  throwing  the  wear  on  the  sup¬ 
porting  points  instead  of  the  collars. 

These  objections  were  all  remedied  by  various  minor  alterations  sug¬ 
gested  by  the  writer  and  executed  by  Messrs.  C.  L.  Berger  &  Sons,  by 
Boston,  in  April,  1899.  The  thread  interval  was  made  1 : 200,  an  ad  j  usta- 
ble  stop  device  was  attached  to  the  telescope,  the  inclination  of  the 
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mirror  was  mad  eadj  nst  able,  and  the agate  points  wore  replaced  by  brass 
points.  A  new  level  tube  of  2.23  seconds  per  2  mm.  was  imported 
directly  from  .Mr.  Adolf  IVssler,  of  Iiraunschwcig,  (Germany,  and  is  now 
used  in  place  of  tin*  5-second  tube.  With  these  alterations,  tin*  instru¬ 
ment  is  at  t his  1  ime  considered  the  finest  precise  level  in  the  world. 

The  rods  used  were  the  old  Knifed  States  lake  survey  rods  1  and 
5,  graduated  into  30-deeimeter  divisions,  each  one  of  which  is  again 
<  1  i v ided  into  centimeter  divisions,  consisting  of  a  double  row  of  alter¬ 
nating  black  and  white  centimeter  squares.  These  rods  were  made 
some  twenty  years  ago  by  Kern  &  Co.,  of  Aaran,  Switzerland,  and  in 
consequence  of  much  hard  usage  are  now  in  rather  bad  condition. 

The  centimeter  graduation  is  considered  by  far  too  large  to  permit 
of  estimating  rod  readings  with  an  accuracy  equal  to  the  attainable 
accuracy  of  pointing  with  such  a  fine  instrument,  and  for  this  reason 
the  old  rods  are  considered  entirely  out  of  keeping  with  the  instru¬ 
ment.  To  accomplish  good  results  with  the  old  Kern  rods  requires 
most  extraordinary  and  painstaking  exertion  on  the  part  of  the 
observer.  It  is  a  science  to  estimate  rod  readings  correctly,  and  after 
all  my  past  experience  I  feel  confident  in  saying  that  no  one  has  as 
yet  mastered  this  science  to  the  degree  necessary  to  reduce  the  allow¬ 
able  error  of  estimation  to  an  amount  so  small  that  it  falls  within  the 
error  of  pointing  of  the  instrument.  Vet  this  is  necessary  if  the  rod 
readings  shall  be  as  accurate  as  the  instrument  pointings  permit. 

It  is  not  intended  here  to  criticise  the  self-reading  principle  for 
precise-level  rods.  On  the  contrary,  the  advantages  of  self-reading 
rods  over  target  rods  are  so  apparent  as  to  preclude  the  use  of  the 
latter  on  economical  high-grade  work. 

All  the  disadvantages  found  to  exist  in  the  present  style  of  lake- 
survey  rods  with  centimeter  graduations  have  been  remedied  in  a 
new  pattern  of  self-reading  rod  designed  by  the  writer,  in  which  the 
smallest  division  is  2  mm.,  enabling  the  observer  to  estimate  tenths 
of  a  division,  or  0.2  mm.,  with  50  diameters  magnifying  power  at  a 
distance  of  r»o  m.  This  is  an  accuracy  quite  equal  to  the  accuracy  of 
pointing  with  a  2-secoml  level  tula*. 

The  purchase  of  a  pair  of  rods  built  after  this  new  pattern  has  been 
strongly  urged,  and  would  involve  an  expenditure  of  about  *150. 

The  turning  point  Used  on  this  work  consists  of  a  steel  pin  with  an 
on  la  i  god  head  pro\  ided  w  it  h  a  socket  i  n  t  o  wh  ieh  t  he  sq  ua  re-ended  pin 
o!  the  rod  tits  loosely.  The  base  of  the  socket  is  hemispherical  and 
alw  ay  s  atlords  a  proper  surface  to  hold  oil.  The  socket  |  >  re  vents  tin* 
rods  I  mm  sliding  oil  and  also  protects  tin*  surface  held  on,  when  the 
pin  is  being  driven  into  the  ground.  The  body  of  the  pin  is  about  10 
indies  long  and  1  inch  in  diameter,  and  is  quite  similar  to  the  pin 
oi  iginated  by  Mr.  ().  \\  .  herguson  some  years  ago.  The  head  differs 
from  Mr.  Ferguson’s  design.  This  form  of  turning  poinl  gave  most 
excellent  satisfaction,  and  made  each  point  held  on  about  as  secure 
as  a  temporary  bench. 
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2.  BENCH  MARKS. 

Permanent  bench  marks  were  made  by  cementing  a  one-fourth- 
ineli  brass  bolt,  4  to  8  inelies  long,  into  bed  rock  or  good  foundation 
masonry  of  substantial  public  buildings.  When  neither  of  these  con¬ 
ditions  could  be  fulfilled,  a  subterraneous  concrete  base  was  con¬ 
structed,  generally  about  14  feet  in  diameter  and  about  24  feet  high, 
with  its  top  14  to  2  feet  below  the  natural  surface.  A  similar  round- 
headed  brass  bolt  was  set  vertically  into  the  center  of  this  base,  allow¬ 
ing  only  the  rounded  head  to  remain  above  the  concrete  surface.  In 
all  cases  where  it  was  possible,  the  brass  bolt  was  set  vertically  and 
the  upper  end  was  made  hemispherical.  When  vertical  bolts  could 
not  be  employed,  the  mark  consisted  of  a  center  punch  mark  in  the 
end  of  a  square-ended  bolt  cemented  horizontally  into  the  masonry  of 
a  building.  In  all  cases  the  letters  IT.  S.  and  the  name  or  number  of 
the  bench  were  cut  into  the  stone  or  concrete,  so  as  to  prevent  any 
possibility  of  mistaken  identity. 

Temporary  bench  marks  consisted  of  60-penny  wire  spikes  driven 
vertically  into  solid  and  properly  prepared  roots  of  large  trees.  Large 
bowlders  Avere  always  used  when  available,  and  the  mark  Avas  made 
by  working  a  small  hemispherical  knob  into  a  suitable  surface  and 
inclosing  same  by  a  small  square.  The  numbers  of  all  such  benches 
were  cut  into  the  stone  or  tree  Avith  a  cold  chisel  and  many  of  them 
are  as  good  as  permanent  benches. 

4.  THE  SOURCES  OF  ERROR. 

The  ultimate  aim  in  precise  leveling,  as  the  term  implies,  is  to  per¬ 
form  leveling  Avhicli  shall  be  as  free  from  errors  as  is  attainable  by 
the  highest  human  skill  and  ingenuity  combined  with  the  most  per¬ 
fect  leveling  instruments. 

There  are  many  errors  to  which  the  process  of  leveling  is  subject, 
though  on  ordinary  Avork  they  reeewe  little  or  no  attention,  and  the 
attainable  accuracy  is  supposed  to  depend  entirely  on  the  instrument 
and  its  capability  to  remain  in  adjustment.  In  reality,  however,  it 
depends  on  the  fineness  of  the  instrument  and  the  “knowing  how,” 
on  the  part  of  the  observer,  to  eliminate  all  errors  from  the  Avork, 
none  of  Avhich  can  be  completely  eliminated  by  the  most  careful 
adjustment  of  the  most  elaborate  and  delicate  instrument. 

It  is  not  intended  here  to  give  a  treatise  on  the  theory  of  errors, 
but  merely  to  point  out  the  various  sources  of  error  and  the  means 
for  their  pre\rention,  thus  justifying  the  methods  adopted  for  this 
work. 

The  errors  may  be  divided  according  to  their  causes  into  six  gen¬ 
eral  classes,  viz:  (1)  Those  resulting  from  the  attraction  of  the  sun 
and  moon  and  those  due  to  the  spheroidal  shape  of  the  earth;  (2)  level- 
tube  errors;  (3)  telescope  errors;  (4)  errors  produced  by  the  leATel 
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rods;  (A)  atmospheric  influences,  direction  of  lino,  and  time  of  day, 
and  (<>)  jtersonal  errors. 

1.  Tin*  errors  of  the  first  class  are  of  a  comparatively  constant 
nature  and  are  generally  quite  small,  so  that  they  do  not  demand 
consideration,  except  when  dealing  with  long  lines. 

(«)  “The  disturbing  influence  of  differential  attraction  of  the 
sun  and  moon  on  tin*  direction  of  gravity  and  its  effect  on  spirit 
leveling”  is  discussed  by  Charles  A.  Schott,  assistant,  in  Report  of 
the  Coast  and  (Jeodetie  Survey,  lssf,  page  19»>,  and  does  not  appear 
to  warrant  much  consideration,  though  this  element  maybe  largely 
eliminated  by  dividing  the  work  equally  between  the  two  halves  of 
the  day. 

(//)  The  effect  of  tin*  spheroidal  shape  of  the  earth  on  long  level 
lines  is  expressed  by  the  formula  L.  /<=<». S.*J2  A  sin  '2  </>,  in  which  &  h 
is  the  correction  in  millimeters  applied  to  elevation  above  sea  level  at 
the  terminus  of  a  line  for  which  </>  is  the  mean  latitude  and  A  is  the 
area,  in  square  kilometers,  of  the  area  included  between  tin*  profile 
of  the  level  line  and  sea  level  projected  on  to  the  middle  meridional 
plane.  For  a  line  running  from  south  toward  north  this  correction 
would  be  positive  at  the  north  end  of  the  line.  As  will  be  seen,  this 
error  is  zero  for  an  east  and  west  line. 

2.  The  sources  of  error  jwrlaining  to  the  level  tube  are  as  follows: 

(a)  Tin*  lack  of  parallelism  of  the  level  tube  with  the  vertical  plane 

through  the  telescope  axis,  which  can  be  avoided  only  by  careful 
adjust  meat. 

(h)  The  Imrizontality  of  tilt*  level  tube,  which  can  be  righted  by 
adjustment  only  to  the  extent  of  making  the  error  small.  The  error 
still  remaining,  which  i>  very  variable,  can  1m*  eliminated  in  the  obser¬ 
vations  only  by  reading  tin*  level  in  a  direct  and  reversed  position. 

(r)  The  parallax  between  tin*  images  of  the  bubble  and  the  level- 
tube  graduation,  as  seen  in  the  mirror,  can  be  eliminated  by  adjust¬ 
ing  the  inclination  of  the  mirror  and  reading  with  the  eye  always  in 
the  same  position,  or  a  correction  for  resulting  inclination  may  be 
applied. 

(d)  Tin*  error  of  pointing  or  position  of  the  bubble  with  reference 
to  the  center  of  its  graduation.  This  may  be  reduced  by  great  care, 
and  it  may  be  practically  eliminated  by  a  level  tube  which  is  so  deli¬ 
cate  that  t  he  ordinary  displacements  of,  say,  0.2  divisions  do  not  affect 
the  rod  readings  for  the  ordinary  long  sights. 

.‘J.  The  errors  resulting  from  the  telescope  are  as  follows: 

( n )  The  reticule  errors,  which  should  be  made  small  by  careful 
adjustment.  The  horizontal  threads  should  be  horizontal  in  both 
normal  and  inverted  positions  of  the  telescope,  and  the  center  of  the 
reticule  should  be  made  to  coincide  with  the  rod  image  at  a  certain 
distance,  say  AO  meters,  for  both  normal  and  inverted  positions  of  the 
telescope.  This  is  the  thread  adjustment,  commonly,  but  erroneously, 
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called  collimation  adjustment.  The  error  of  horizontality  can  be 
eliminated  by  always  reading  the  threads  on  the  same  side  of  and 
adjacent  to  the  vertical  thread.  Any  thread  error  still  remaining  is 
eliminated  by  normal  and  inverted  telescope  positions. 

(b)  The  mounting  of  the  objective  lens  causes  an  error  in  axial 
inclination  when  the  optic  center  of  the  lens  is  not  on  the  axis  of  the 
telescope,  as  defined  by  the  centers  of  the  telescope  collars.  This 
can  not  be  adjusted,  though  the  error  exists  to  some  degree  in  every 
instrument.  Rod  readings  for  the  normal  and  inverted  positions  of 
the  telescope  will  eliminate  this  error. 

(c)  The  direction  of  motion  of  the  eyepiece  slide  should  be  parallel  to 
the  telescope  axis ;  otherwise  the  line  of  sight  changes  its  inclination  for 
every  position  of  the  slide.  When  there  is  no  lateral  looseness  in  the 
slide,  this  may  be  eliminated  by  readings  in  normal  and  inverted  posi¬ 
tions  of  the  telescope,  when  the  back  and  fore  sights  are  nearly  enough 
equal  so  that  both  readings  can  be  taken  without  refocussing. 

(d)  Inequality  in  the  telescope  collars  produces  an  axial  inclination 
which  is  of  a  very  complicated  nature  and  which  can  not  be  directly 
determined.  The  method  given  in  text-books  to  determine  the  col¬ 
lar  correction  is  altogether  worthless,  owing  to  the  unequal  wear  (if 
the  parts  and  the  unequal  penetration  of  the  collars  (when  of  differ¬ 
ent  diameters)  into  the  forked  supports  of  the  level  tube  and  the  cra¬ 
dle.  This  inequality  may  be  eliminated  by  strictly  equalizing  the 
sums  of  back  and  fore  sights  for  every  stretch ;  otherwise  a  correction 
must  be  applied  for  excess  of  foresight. 

4.  The  rod  errors  are  due  to  erroneous  graduation,  changes  in  tem¬ 
perature,  and  estimation  of  rod  readings.  Rods  are  held  so  nearly 
vertical  by  the  aid  of  watch-glass  levels  attached  to  them  that  there 
is  no  error  from  lack  of  verticality. 

(a)  The  errors  of  graduation  and  temperature  are  corrected  by  com¬ 
parisons  made,  at  the  beginning  and  end  of  each  stretch,  of  the  two 
rods  with  a  carefully  standardized  steel  tape  especially  kept  for  this 
purpose.  The  actual  length  of  the  tape  is  found  from  a  tabulation 
of  tape  errors  for  each  degree  of  temperature  within  working  limits 
between  20°  and  95°  F.  The  rod  temperatures  are  noted  at  the  begin¬ 
ning  and  end  of  each  stretch  by  thermometers  set  into  t lie  wood. 
The  mean  length  of  the  four  comparisons  corrected  to  the  mean  tem¬ 
perature  is  then  the  accepted  rod  length  for  the  difference  of  elevation 
between  two  successive  benches. 

( b )  The  error  of  estimation  can  not  be  entirely  eliminated,  and 
varies  in  amount,  depending  on  the  quality  and  fineness  of  the  thread, 
the  length  of  shot,  and  the  expertness  of  the  observer.  The  kind  of 
rod  graduation  is  a  most  important  factor,  and  has  been  discussed 
at  some  length  in  describing  the  instruments.  It  appears  from  prac¬ 
tice  that  the  desired  accuracy  of  estimation,  equal  to  the  attainable 
accuracy  of  pointing,  etc.,  can  be  obtained  from  a  rod  graduated 
to  2  mm. 
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5.  Al mosphrrir  i  tf'  cfs. — 'Plies**  are  occasioned  by  eha Hires  in  humid¬ 
ity,  density,  and  teniperiitimMif  tin*  air,  and  to  some  extent  by  the 
direction  of  the  sun's  rays  with  respect  to  the  direction  of  1  In*  level 
line.  Hence  the  time  of  day  and  season  of  the  year  are  important 
factors  in  leveling. 

(o)  Air  vibrations  are  caused  by  the  sun  in  warming  up  the  atmos¬ 
phere  as  the  day  advances.  and  when  the  sun  has  passed  the  zenith 
and  the  air  has  reached  its  maximum  temperature  these  vibrations 
diminish  and  finally  cease,  until  the  air  begins  to  cool  and  the  earth 
radiates  the  heat  imparted  to  it  by  the  sun  during  the  day,  thus  caus¬ 
ing  a  reverse  vibration.  These  vibrations  are  most  severe  when  the 
humidity  is  high  and  the  air  is  clear,  warm,  and  quiet.  They  are 
rapidly  diminished  by  light  wind  or  passing  clouds.  The  elTeet  of 
vibration  must  be  avoided  or  reduced  by  shortening  sights  and  read¬ 
ing  back  and  fore  sights  in  quick  succession  so  as  to  get  both  sets  of 
readings  for  the  same  conditions.  Any  change  in  conditions,  as  of  a 
passing  cloud  or  a  puffy  wind,  will  make  errors  unavoidable. 

(/»)  Direction  of  lino,  temperature,  and  time  of  day  is  liable,  in 
warm  weather,  to  cause  one  of  the  most  serious  errors  encountered  in 
leveling.  The  most  perplexing  feature  of  111  is  troublesome  influence 
is  that  it  does  not  make  itself  apparent  until  a  line  has  been  closed, 
because  the  adjustments  of  the  level  do  not  scent  to  Is*  materially 
affected,  although  the  line  of  sight  is  seriously  altered  and  may  cause 
as  much  as  mm.  error  in  a  single  shot.  To  prove  the  importance  of 
this  question,  the  writer  made  some  exficrinients  by  sotting  up  the 
instrument  and  placing  the  rods  in  fixed  fiositions  equidistant  from 
the  instrument,  which  was  shaded  from  the  sun  by  a  large  umbrella. 
Regular  sets  of  back  and  fore  sight  readings  were  taken  all  day,  and 
tin*  difference  of  elevat  ion  found  for  different  hours  of  tin*  day  dimin¬ 
ished  successively  from!*  a.  in.  until  12  m.,  after  which  time  the  value 
again  increased  and  became  normal  aland  4.J0  p.  m.  The  tempera¬ 
ture  during  the  day,  Sunday,  July  2,  IS!*!*,  varied  from  Ho"  to  1M»°  F., 
and  the  maximum  error  in  the  difference  of  elevation  at  noon  was 
O.'.i  mm.  for  rods  placed  Jo  m.  each  side  of  the  instrument. 

'Phis  showed  that  no  reliable  levels  could  be  run  between  !>  a.  m.  and 
4 . ‘b »  i ».  in.  of  that  day.  It  is  to  be  regretted  that  such  experiments 
could  not  be  extended,  but  no  authority  was  obtainable  for  sin-li  work. 
’Phis  would  suggest  the  propriety  of  leveling  at  night  when  work  is  to 
1m*  done  during  the  warm  summer  months. 

(r)  The  best  season  of  the  year  in  northern  climates  is  certainly 
t  he  fall,  say  from  September  1  to  December  1,  and  early  spring,  March, 
April,  and  May.  No  work  should  be  done  duringother  months  of  the 
year  except  with  due  regard  to  the  difficulties  which  will  be  met. 

<l.  I’ersonal  errors  are  those  resulting  from  erroneous  roil  readings 
or  faulty  recording.  Rodmen  may  also  introduce  errors  by  careless¬ 
ness.  However,  in  all  the  work  done  by  the  writer  there  has  never 
been  one  failure*  in  closing  a  line  which  could  be  attributed  to  any’  of 
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these  causes, 'which  does  not  mean  that  the  members  of  the  party  were 
infallible,  but  that  the  methods  adopted  were  very  nearly  so,  at  least 
to  the  extent  of  eliminating  personal  errors. 

The  various  sources  of  error  having  been  described,  it  may  be  of 
interest  to  outline  the  methods  adopted  by  the  writer  for  their  elimi¬ 
nation. 

4.  INSTRUMENT  CONSTANTS. 

The  instrument,  level  tube,  cross  threads,  and  rods  are  first  care¬ 
fully  adjusted,  and  the  following  constants  of  the  instrument  are  then 
determined  on  an  accurately  measured  100  m.  base  line:  The  value  of 
the  thread  interval,  the  curvature  of  the  level  tube  per  2  mm.  division, 
the  magnifying  power  of  the  telescope,  and  the  axial  inclination  of 
the  telescope  resulting  from  collar  inequality.  The  objective  mount¬ 
ing,  the  eyepiece,  and  the  movements  of  the  latter  are  carefully  exam¬ 
ined.  The  distance  A,  from  the  zero  of  graduation  to  the  end  of  t  lie 
rod  or  point  held  on,  is  accurately  measured  for  each  rod,  and  should 
be  made  alike  in  the  two  rods  by  filing,  or,  better,  by  a  facing  machine. 

It  is  not  necessary  here  to  give  the  methods  of  making  these  deter¬ 
minations,  except  the  effect  of  collar  inequality,  which  can  not  be 
correctly  found  by  the  method  commonly  given  in  text-books.  For 
this  reason  the  following  special  method  was  devised  by  the  writer: 
The  instrument  is  set  up  at  the  middle  point,  or  50-meter  point,  of 
the  base  line,  and  ten  sets  of  back  and  fore  sights  are  taken  on  the 
zero  and  100  m.  points.  This  gives  the  true  difference  of  elevation 
between  the  end  points  of  the  base  with  all  instrumental  errors  elimi¬ 
nated.  The  instrument  is  then  set  up  at  some  other  point,  say  15  m. 
from  the  zero  end,  and  ten  sets  of  readings  taken  on  the  end  points  of 
the  base  as  before.  This  gives  a  difference  of  elevation  involving  an 
excess  of  sights  of  70  m.  from  which  the  axial  inclination  per  meter 
can  be  found.  This  constitutes  what  has  been  called  the  residual 
correction  for  excess  of  sights. 

In  taking  these  readings  each  set  is  made  up  of  four  readings,  one 
pair  of  back  and  fore  sights  with  telescope  normal  and  bubble  direct, 
and  one  pair  with  telescope  inverted  and  bubble  reversed,  thus  elim¬ 
inating  bubble  and  collimation  error  in  each  set.  The  height  of  the 
instrument  is  slightly  altered  between  taking  sets. 

The  movements  of  the  eyepiece  are  tested  in  a  similar  manner  by 
occupying  other  points  of  the  base  in  the  way  just  outlined  and  then 
deducing  the  line  representing  the  inclination  of  the  line  of  sight, 
which  should  be  constant  for  all  sets,  otherwise  the  eyepiece  moves 
irregularly,  and  such  an  instrument  is  practically  worthless. 

As  will  be  seen,  this  “  residual  correction  ”  includes  the  axial  inclina¬ 
tion  resulting  from  the  combined  errors  of  the  collars  and  the  parallax 
of  the  mirror,  while  all  errors  of  the  level  tube,  reticule,  eyepiece 
movements,  and  mounting  of  the  objective  lens  are  eliminated  in  the 
observations  by  the  reversals  of  telescope  and  level  tube. 
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*>.  METHODS. 

All  level  notes  are  recorded  in  ink,  in  notebooks  5  by  7^  inches, 
after  a  uniform  system,  and  bench-mark  descript  ions  are  entered  in 
regular  order  in  a  separate  notebook  for  that  purpose.  A  final  sum¬ 
mary  of  results,  including  the  computat  ion  of  probable  errors  and  final 
elevations,  is  compiled  in  a  !•  by  1  '2  inch  notebook.  The  locations  of 
all  bench  marks,  and  other  useful  information  arc  platted  on  a  map 
of  the  locality.  Knifed  States  Lake  Survey  charts  were  used  for  this 
purpose. 

Kaeh  field  I  took  contains  a  brief  statement  of  methods,  programme 
of  reading,  definition  of  instrument  positions,  names  of  observer  and 
recorder,  instruments  used,  units  of  measure,  etc.,  on  the  front  page, 
'fhe  notes  following  are  all  entered  according  to  the  system  defined 
on  front  page,  and  the  last  double  page  is  devoted  to  a  summary  of 
tin*  results,  with  page  index  for  work  recorded  in  the  book. 

The  method  employed  on  this  work  was  such  as  to  eliminate  all 
instrumental  errors  in  the  observations  themselves,  obviating  us  far 
as  possible  all  mathematical  manipulations  in  the  form  of  corrections, 
it  being  considered  that  good  observations  lead  to  the  best  attainable 
results. 

This  was  accomplished  by  the  following  system  of  observing:  With 
the  telescope  normal  and  level  tills*  direct,  the  first  reading  was  taken 
on  tin*  rear  rod.  Then,  without  disturbing  the  instrument,  except  at 
the  micrometer  screw,  the  telescope  was  swung  onto  the  front  rod  and 
reading  taken.  The  level  tube  was  then  removed  and  replaced  in  a 
reversed  position,  meanwhile  inverting  the  telescope.  The  front  rod 
was  then  read  for  tin*  second  time,  and  likewise  the  rear  rod.  All 
readings  were  taken  with  the  bubble  in  the  center,  and  back  and  fore 
sights  were  made  equal  by  the  rodmen  by  counting  paces.  The  sights 
must  Is*  so  nearly  equal  that  both  rods  can  be  read  without  refocus¬ 
ing;  otherwise  the  front  rod  must  Ik*  set  correctly  and  the  process 
of  reading  be  commenced  anew. 

I»y  this  means  all  instrumental  errors  are  absolutely  eliminated, 
when  t  In*  sight  s  or  sums  of  sights  are  exactly  equal.  When  t  he  sums 
of  sights,  as  determined  by  the  thread  distances,  are  not  equal,  then 
the  “residual  correction  ”  previously  described  must  be  applied  to  the 
excess  of  fore  sight.  This  is  the  only  correction  necessary,  with  excep¬ 
tion  of  the  correction  for  rod  length  and  temperature. 

As  i>,  readily  understood  from  the  above,  t lit1  re  is  no  need  of  meas¬ 
uring  the  errors  of  thread  adjustment  and  level  tube  with  this  system 
of  observing,  and  no  attempt  was  made  to  trace  these  errors,  except 
that  they  were  kept  small  by  frequent  adjustment. 

l>y  careful  inspection  of  the  recorded  readings  the  recorder  can 
always  see  at  a  glance  whether  then*  has  been  an  error  of  reading  or 
recording;  and  should  any  disparity  exist,  or  any  irregularity  from 
atmospheric  influences  be  noticeable,  the  readings  are  repeated  until 
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a  rational  set  is  obtained.  This  is  the  secret  to  the  success  of  this 
method.  The  only  disturbing  influence  which  can  not  be  detected  in 
the  readings,  even  though  it  may  be  acting,  is  the  warping  of  the  tele¬ 
scope  caused  by  direct  and  radiated  heat  in  warm  weather. 

The  warping  of  the  telescope  is  in  the  same  direction  during  the 
same  half  of  the  day  (the  direction  of  the  line  being  constant) ;  hence 
lines  run  direct  and  reversed  in  the  same  half  of  the  day  will  reveal 
this  error  when  it  exists,  while  lines  run  direct  in  the  forenoon  and 
reverse  in  the  afternoon  (or  conversely)  may  close  well  and  both  be 
badly  in  error. 

For  this  reason  a  stretch  should  always  be  closed  in  the  same  half 
of  the  day,  and  a  good  closure  will  then  be  guaranteed  against  all  inju¬ 
rious  temperature  effects. 

The  use  of  a  large  sun  umbrella  is  indispensable  as  a  protection 
against  wind,  rain,  and  sunshine,  and  it  rarely  ever  happens  that  work 
could  be  done  without  it. 

All  lines  were  run  direct  and  reverse,  using  the  method  above  out¬ 
lined,  and  the  errors  of  closure  of  the  loops  formed  by  each  pair  of 
lines  were  limited  to  the  value  e  =  3\/2K  for  the  St.  Lawrence  River 
levels,  and  to  e  =  3\/K  for  the  Lake  St.  Clair  levels.  In  these  for¬ 
mulas  e  is  the  error  of  closure  in  millimeters  and  Iv  is  the  length  of  the 
stretch  in  kilometers. 

On  direct  lines  the  back  sights  were  considered  positive  and  the 
fore  sights  negative,  while  on  reverse  lines  these  signs  were  reversed, 
thus  giving  the  same  sign  to  the  difference  of  elevation,  whether  deter¬ 
mined  from  a  direct  or  reverse  line. 

Whenever  possible  the  rod  was  used  in  reading  on  permanent 
bench  marks.  However,  such  marks  as  were  made  by  bolts,  cemented 
horizontally  into  buildings,  etc.,  did  not  permit  of  this,  and  in  these 
cases  the  readings  were  taken  on  a  metallic  steel  tape  at  short  range. 
Such  readings  were  always  reduced  to  rod  length  by  direct  compari¬ 
sons,  made  immediately  after  taking  the  readings,  and  the  quantity 
A  (being  the  distance  from  the  zero  of  graduation  to  the  end  of  the 
rod)  was  always  subtracted  from  the  tape  readings  to  reduce  them  to 
equivalent  rod  readings. 

No  rod  corrections  were  made  in  this  work,  because  the  necessary 
comparisons  with  the  standard  meter  are  not  yet  made,  though  it  is 
known  from  past  comparisons  that  the  rod  errors  are  practically  zero. 

It  will  be  seen  that  the  method  here  outlined  eliminates  as  far  as 
possible  all  accidental  and  variable  errors,  leaving  only  the  “  residual 
error”  (a  constant)  to  be  applied  to  any  excess  of  sights  that  may 
remain  when  a  stretch  is  closed.  The  only  other  corrections  to  these 
differences  of  elevation  are  those  occasioned  by  graduation  errors  and 
temperature  effects  on  the  level  rods. 

The  spheroidal  error  previously  mentioned  is  of  purely  theoretical 
origin  and  need  receive  no  consideration  except  for  long  lines  at  high 
altitudes,  when  the  error  should  be  corrected  in  the  final  results. 


$ 


1002  DEEP  WATERWAYS. 

Tito  error  of  clostm*  is  tints  generally  made  up  of  the  error  of  esti¬ 
mation  and  atinospherie  etToets.  The  former  component  is  generally 
very  small  with  an  experienced  observer,  and  would  never  produce 
any  serious  consequences;  but  tin*  temperature  effects  and  sudden 
changes,  as  from  passing  clouds,  etc.,  make  up  tin*  large  errors  which 
may  often  necessitate  a  repetition  of  work. 

It  is  needless  to  look  for  errors  of  heaving  or  settlement  of  rods  or 
instrument  when  only  ordinary  care  is  exercised  and  the  pins  pre¬ 
viously  described  are  employed.  These  errors,  if  they  exist,  are  far 
too  small  to  be  detected,  even  with  the  most,  sensitive  instrument, 
unless  when  working  on  frozen  ground,  which  is  always  a  doubtful 
ope  rat  ion. 

The  atmospheric  effects  are  eliminated  from  the  work  by  closing 
each  st  retell  in  t he  same  half  of  the  day  and  dividing  t he  work  equally 
between  forenoons  and  afternoons. 

A  sample  of  the  system  of  note  keeping  may  be  valuable  and  is 
given  below.  All  rod  readings  are  in  decimeters,  likewise  all  other 
dimensions  except  where  other  units  are  indicated.  The  observed 
rod  readings  always  occupy  the  first  two  lines  and  the  means  are 
written  on  the  third  line  for  each  sight.  Otherwise  t  he  notes  are  self- 
explanatory.  A  sample  of  summary  of  results  for  index  page  of 
notebooks  is  also  given. 

It  appears  from  these  notes,  the  manner  in  which  they  are  recorded, 
and  the  system  of  observing  previously  described,  that  t  here  is  scarcely 
any  possibility  of  an  error,  dm*  to  misreading  or  erroneous  recording, 
creeping  into  the  work.  In  fact,  no  such  errors,  even  though  they 
were  occasionally  made,  over  escaped  detection,  and  hence  the  per¬ 
sonal  errors  fall  into  insignificance  when  this  method  is  employed. 
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May  17,  lSU'J. 

HACK  SIGHTS. 


Pi  lint. 

Rod 

Thr« 

•ail  reading* 

Mean. 

Thread 

dis¬ 

tance. 

Tern- 

Remark*. 

Xo. 

(1) 

(2) 

(3) 

tore. 

T.  B.  M.  i;u . 

5 

tlCIH. 

11  l> 
U.17U 

item, 

J  *  • 

item. 

13  27  r. 
13.874 

•Inn. 

lid  II . 

•c. 

Mi'tiii . 

T  I*  1 

•  .  *  •  •  •••••• 

i 

11. 177 

l.Y  4! Id 
15  434 

I »  288 

Id  1'  1 
III  41  r‘ 

l  .  83  ■ 

}i 

17  :rni 

12.  83U 

•  ’  1* 

2.(»*K 

15  3 

H.3»  u.  in.,  clear.  light 
wind,  air  vibrating 

Mean _ 

15  432 

111  4141 

17. 3M* 

111.  4i  8 

1.1157 

.  5  10.  UEM 

11.040  | 

12  .  UW  I 

lIHtt) 

11.  (M0  | 

12o-.| 

Mean . 

10  OBD 

11.040 

18  058 

11.041 

2.108 

P.  S.  - - 50.103 

.  1 

14.508 
14. 508 

15.  liN 
15.  ill) 

H.  8.  *-+54.  7*4 

15  7in> 
15.  71i* 

Mean . . . 

14. 50S 

15  liy 

15  Toil 

15. 1(0 

1.301 

-2. 146 

Re*.  Cor.  --  O.uuil 
D-  —2.  1161 

Total . ' _ 

7.2X6 

1 
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Direct  line  temporary  bench  mark  176  to  permanent  bench  mark  A.,  Clayton , 

May  17,  IS  1)9 — Continued. 

PORE-SIGHT. 


Point. 

Rod 

Thread  readings. 

Mean. 

Thread 

dis¬ 

tance. 

Tern- 

Remarks. 

No. 

(1) 

(2) 

(3) 

pei  a- 
ture. 

T.  P.  1 . 

1 

dem . 
10. 520 

dem . 
11.574 

dem. 

12.610 

dem. 

dem. 

°C. 

10. 516 

11.564 

12. 606 

Mean _ 

10.518 

11.569 

12.608 

11.565 

2.090 

Thread  (list.: 

F.  S.=  7.2S1 

2 

5 

15. 152 

16. 144 

17.126 

B.  S.=  7. 288 

15. 154 

16. 140 

17. 126 

T.D.-14.569 

Mean  .... 

15. 153 

16. 142 

17. 126 

16.140 

1.973 

Ex.  F.  S.= — 0.14  m. 

3 . 

1 

22. 166 

23. 194 

21.210 

22. 164 

23. 192 

24. 210 

Mean . 

22. 165 

23. 193 

24. 210 

23. 189 

2.045 

Tape— rod. 

6. 524=6. 524 

A  =0.480 

6. 038 

P.  B.  M.  A. .Clay¬ 
ton,  N.  Y. 

Steel 

tape 

~.v  o:;o 

5. 938 

6. 524 

6. 524 

7.110 

7. 110 

Mean . . 

5. 93V 

6.524 

7.110 

a6. 038 

1.173 

16.0 

Catholic  Church,  ('lay- 
ton,  N.  Y. 

Total  . 

56. 932 

7.281 

a  Mean  of  steel  tape  (6.524)  reduced  to  rod  measurement. 


Reverse  line  temporary  bench  mark  170  to  permanent  bench  mark  A.,  Clayton. 

BACK-SIGHTS. 


Point. 

Rod 

Thread  readings. 

Mean. 

Thread 

dis¬ 

tance. 

Tern- 

Remarks. 

No. 

(1) 

(2) 

(3) 

pei  cl- 
ture. 

P.  B.  M.  A., Clay¬ 
ton. 

Steel 

tape 

dem. 

5.220 

5.216 

dem. 

5.810 

5. 810 

dem. 

6. 410 

6.406 

dem. 

dem. 

°c. 

Mean . 

5. 

5. 810 

6.408 

a  5. 326 

1.190 

16.  ( 

9  a.  m.,  clear,  light  wind, 
air  vibrating. 

T.  P.  1 . 

1 

22.310 
22. 310 

23. 280 
2*3.282 

24. 230 
24. 230 

Mean _ 

. 

23.310 

23. 281 

24.230 

23.274 

1.920 

. 

Tape = rod. 

O 

5 

15. 124 

15. 950 

16 . 776 

A =0.486 

15. 122 

15. 950 

16. 774 

5.326 

Mean . 

15. 123 

15. 950 

15. 949 

1.652 

3 . . 

i 

11.386 

12. 194 

13. 002 

11.386 

12.196 

13. 002 

Mean _ 

11.386 

12. 195 

13.002 

12. 194 

1.616 

F.  S.=— 67.599 

B.  S.  =  +69.  753 

4 . 

5 

12. 570 

13.010 

13. 450 

12. 572 

13.008 

13. 450 

—2. 154 

Mean . 

. 

12.571 

13. 009 

13. 450 

13. 010 

0. 879 

. 

Res.  cor.  =  — 0.0001 
R.=— 2. 1541 

1  Closing  error =0. 60  mm. 

7. 257 

a  Mean  of  steel  tape  (5.812)  reduced  to  rod  measurement. 
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He  re  r sc  line  temjiornry  lu  nch  murk  170  to  )>crmanent  bench  murk  Clayton — 

Con  tinned. 

FORE-KIOHT. 


Point. 

T  P.  1 . 

Meat! . 


2 


Menu 


Mean  . 


Mea  n  . 
T.  B  M.  Kit 

M<-nu  . 
Total . 


Rod 

No. 


Thread  reading*. 


It 


tlcm. 

13  sir,* 

i:t  .me* 


<24 


(3t 


lirm.  drm. 

14  41 « l  M  MM 
14  410  14.  MM 


13.802  14  4M>  14  MM 


lo  :imi 
in  370 

lo.atH 


11  :cu  12  :»e 

11.330  12  :»t4 


Mean. 


drill. 


14  nil  I.V.'MI  lit  :b«i 
14  7*s  15  5H«  111  3H8 


it  7*o 


12  m.4 

12  mw 


la  48*  14  aw 

13  5UI  14  328 


12.806  18.488  14  :c_'7 


12. 3441  12  TT8 
12  344  12  TTrt 


12  345 


12.  777 


13  21* 
13  214 


13  Silt 


Thread 

dls- 

tance. 

drm. 


14.  1.184 


ll  :«r»  12  3tn  li  icr. 


13.  41*7 

12  771* 
it:  588 


1 .  835 


15  5*8  111  388  15.6*8  l.rtW 


1.IW2 


0. 871 


7.282 


Tern- 

)M>ra- 

tore. 


■C. 


Remarks 


Thread  dUt.: 

F.  S.-  7.202 
B  8.-7.257 
T.  n."-D  518 

Ex.  F.  8.  — +4).  10  m. 


1«  2  ,  8.30  a.  m. 


Xiiti  The  ratio  of  the  telemeter  t li rendu  is  1 :  2i«i  and  the  length  of  the  bubble  7o  mm  All 
readings  ure  taken  with  the  tiuldde  in  the  center  on  rod*  graduated  to  centimeters. 


Sum  pi  r  n  f  hi(U.r  jmi/r  for  field- note  book*. 

SOIMARY  OF  RF.sri.TS. 


B.  M. 

N'um- 
l»er  of 
set¬ 
tings. 

Mean 

thread 

dis- 

tance. 

Mean 

length 

stretch. 

Kxi'ess  F.  S. 

Observed  difference 
of  elevatiou. 

Corrected  differ¬ 
ence  of  elevation. 

To —  From— 

D. 

R. 

a 

R. 

D. 

R. 

D. 

R. 

drm 

m. 

IN. 

IN. 

IN  III . 

Ilf  III . 

in  in . 

IN  III  . 

T  127  T.  120 

ti 

8 

52  7*4 

1.IW0.5 

+0.  1* 

+u  40 

-2.  547.2 

-2.7+7  1 

-2,  .547  in 

-2.  .547  13 

12*  127 

il 

7 

87  34»i 

754  7 

+1!  112 

+11  2n 

-  .>4*3 

-  547.3 

-  54*30 

-  547.31 

128  128 

8 

8 

.VI  IKI 

1.1-71  3 

+li  ml 

-41. 211 

+  4.387.3 

+4.387.3 

*  4.387.30 

+4.:ai7.:ti 

133  12H 

11 

11 

70. 25*1 

1. 41*  3 

+0  U2 

+  1.1H 

—2. 25*  7 

-2.25*  W 

-2,25*  70 

—2,251*  U2 

P.  34  wo 

I 

7 

It*.  3V1 

UYi  5 

+  0. 24 

—ii  as 

+  1.H01  H 

+ 1 .  mcj.  * 

4-1.IM1.8S! 

4-l.Citl3.H0 

B.  M. 

Direc 
tion  of 
line. 

Xu. 

of 

run 

Time  of  day. 

M.  Temp. 

Page. 

To —  From — 

Ac* 

tual. 

Al¬ 

low 

Direct. 

Reverse. 

D. 

R. 

D. 

R. 

From— 

To- 

From— 

To — 

T.  127  T.  120 

in  in . 
(MM 

HI  III  . 
il.  liTi 

N.80*  K 

1 

H.  15  A. 

7.  45  A. 

4  .45  A 

0. 15  A. 

21.1 

17.8 

30 

20 

12*  127 

0.88 

2. 58 

X.7o  K 

1 

7. ui  P 

7  45  P. 

4.:m  A. 

5.  .li  A. 

21  1 

18.8 

33 

34 

128  12* 

II  .02 

3.  OH 

N  45  K 

1 

3. Hi  P 

5  nip. 

5.31  I*. 

IS  :«)  p 

23.3 

21.7 

:4*> 

37 

130  128 

ll  .32 

3. 5*1 

E. 

1 

7  mi  P 

* .  1  ■ »  A 

5.  HI  A 

H.  HI  A. 

20  0 

20.0 

3* 

40 

P.  3*  180 

1  !•* 

E. 

1 

5  ill  P. 

it.  15  P. 

•I  15  p. 

7. 15  P. 

23. 3 

31.1 

42 

43 

N'm  .  The  lluul  correction  applied  to  all  difference*  of  elevatlou  is  4- 0.M13  millimeter  per 
xueterexcess  o'  foresights  for  a  positive  difference  of  elevation. 

i  to  reverse  lines  the  difference  of  elevation  is  increased  for  a  negative  excess  6f  foresights, 
taking  account,  m  each  case,  of  the  sign  of  the  dlffereni*eof  elevation  as  given  for  the  direct  line. 

T  temporary  liench  mark:  P  permanent  lieudi  mark  anil  afternoon;  A  —  forenoon:  D 
diri  et  line,  and  R  *  reverse  line. 

The  temperature  is  recorded  in  degrees  centigrade. 

The  allowable  error  —  3\/ K.  where  K  is  the  length  of  the  single  stretch  in  kilometers. 
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6.  STATISTICS  OF  WORK. 

The  instrument  constants  were  determined  whenever  the  instru¬ 
ment  underwent  any  changes  or  alterations,  and  the  constants  used 
for  the  various  periods  are  given  in  the  following  table: 


Constants. 


Magnifying  power  of  telescope,  in  diameters 


Focal  length  of  objective . millimeters.. 

Diameter  of  objective . . do _ 


Ratio  of  telemeter  threads . 

Curvature  of  level  tube,  in  seconds,  per  2  milli¬ 
meters  . . . . 

Inequality  in  collars  by  ordinary  method,  milli¬ 
meters  per  meter  . . _ . 

Residual  error,  millimeter  per  meter,  excess  of 


f  eet-seconds . . 

Weight  of  instrument . .kilograms. _ 

W eight  of  stand . . . do 

Smallest  graduation  on  rods . millimeters.. 

A  of  rods  1  and  5 . decameters. . 


St.  Lawrence  levels. 

Lake  St.  Clair, 

Aug.  U-Nov.. 
1898. 

May  1- June  4, 
1899. 

June  4- July  5, 
1899. 

50 

50 

50 

402 

402 

402 

38 

38 

:58 

1 : 99. 532 

1:200 

1:200 

5.21 

5.00 

2.23 

+0.0235 

+0. 0276 

+0. 0635 

+0.0630 

+0. 0630 

5.3 

5. 3 

5. 3 

7. 6 

7. 6 

7. 6 

10 

10 

10 

0. 486 

0. 486 

0. 486 

The  following  table  gives  the  statistics  of  all  work  done : 


Items. 


Length  of  main  line . . 

N umber  of  stretches  on  main  line . . . . 

Number  of  stretches  on  mainline  and  side  lines . 

Average  length  of  stretch  on  main  lines . . . 

Number  of  instrument  settings,  entire  work . 

Average  length  of  shot  on  main  line . - . 

Length  on  main  line  run  two  times  . . . . 

Length  on  main  line  run  three  times . 

Length  on  main  line  run  four  times . . 

Length  on  main  line  run  five  times . 

Length  on  side  lines  run  two  times . . . 

Length  on  side  lines  run  four  times . . . 

Length  on  gauge  lines  run  two  times . 

Total  single  line  run. . . . 

Number  of  permanent  bench  marks . 

Number  of  temporary  bench  marks . . 

Probable  error  at  end  of  main  line . . 

Probable  error  per  kilometer  on  main  line . 

Probable  error  per  kilometer  for  the  last  88  kilometers 

Actual  closure  at  end  of  main  line . . . . . 

Residuals  passed  through  zero . . . . 

Maximum  value  of  residuals  from  mean _ _ 

Average  number  of  instrument  settings  per  kilometer 


kilometers. . 


meters . . 


_ _ meters.  . 

kilometers. . 

. do _ 

. do  ... 

. do _ 

. do _ 

. do _ 

. do _ 

. . do _ 


. .  millimeters.. 

. . do _ 

. ...do _ 

. . do _ 

. . times _ 

millimeters _ 


St.  Law 
rence 
River. 


197. 171 
242 
285 
815. 7 
4,430 
49.0 
182. 869 
9. 791 
3. 825 
0.687 
3.715 
0.290 
5. 559 
433. 552 
61 
221 
±8. 06 
±0.57 
+  0. 48 
±1.07 
14 

±14.72 
10. 6 


Lake  St. 
Clair. 


43. 62 
43 
45 

1.014.4 
972 
50.4 
34. 791 
8. 829 


0.990 


98.050 
8 
38 
±3.2 
±0. 48 
a  ±0.33 
±2.04 


d  5.44 
9.9 


«  41  kilometers'. 


On  the  St.  Lawrence  River  levels  6.3  per  cent  of  the  lines  run  did 
not  close  on  the  first  pair,  and  during  the  last  118  stretches  or  88.4 
kilometers  every  line  closed  on  the  first  pair,  though  one  600-meter 
stretch  was  run  a  third  time  because  the  first  pair  closed  nearly  at 
the  limit  and  had  been  run  during  very  severe  wind,  combined  with 
extreme  radiation  and  strong  sunlight.  This  record  has  never  been 
equaled  or  even  approached  by  any  other  observer. 

The  Lake  St.  Clair  levels  were  run  during  the  month  of  June,  1809, 
and,  as  has  been  previously  mentioned,  the  extremely  warm  weather 
prevailing  at  the  time  caused  much  trouble,  and  until  the  real  cause 
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could  lu*  ascertained  a  number  of  stretches  had  to  be  rerun.  Thus 
IS  stretches  out  of  b">  were  run  a  third  time,  making  17.7  per  cent 
which  did  not  close  on  the  lirst  bout.  No. stretch  was  run  four  times 
because  the  erroneous  line  of  t  lu*  first  pair  could  always  be  spotted  by 
reviewing  the  remarks  relating  to  weather  and  time  of  day.  The  lirst 
three  stretches  of  this  line  were*  run  during  the  warm  part  of  the  day 
and  their  closures,  while  decidedly  within  the  limits,  are  not  on  a  par 
with  t  he  remaining  work.  Hence  the  probable  error  of  the  4<>  st  retches 
or  41  kilometers  was  separately  computed  and  found  to  be  A()..*$.‘l  as 
against  |s  for  the  44  stretches.  This  is  the  highest  accuracy  ever 
attained  on  precise  levels,  and  it  was  done  during  the  worst  season  of 
the  year. 

The  following  table  shows  the  magnitude  of  the  closures  for  all 
accepted  work : 


NuiiiImt  of  Number  of 

ntwlrbw  stretches 


Closing  error*  i  mm. ». 

St  Ijiw- 

I.nko  St 

closing  error*  mini. ). 

Str  V:,W  I.ak..  St. 

re  nee 
River. 

Clair. 

fence  riiiir 

River.  4  14  1 

0  to  0.5 

H5 

13 

2  il  to  2  S 

as  to  i. n. . . 

Si 

12 

2.  S  to  3.  II . .  . 

|H  3 

1  u  to  1  '« 

is 

:i 

.1  ii  to  :i  .*> 

17 

1.1  to  2  II  . 

:a 

1 

4  0  to  4  S . 

4 

The  rapidity  of  the  work  is  represented  in  the  following  table: 


lt«-ms 


Total  number  of  days  in  tho  field . 

Number  of  Sundays  . 

N umber  Of  days  l"-,t  by  rain,  etc  . 

Number  of  days  on  which  work  \vud>>nu  _ _  . 

Number  of  hours  actually  worked  .  . 

Number  of  kilometers  of  Hiuglo  line  run  . 

Numlier  of  kilometers  Mingle  line  |»-r  day  In  field 
Nnmlierof  kilometers  single  line  per  day  worked 
Numlier  of  kilometers  Mnglo  line  js-r  hour  worked 
Average  time  eonsu mod  jier  setting.  In  minutes 


St.  Ijiw- 
rence 
River 

Lake  St 
Clair. 

135 

27 

*  2i> 

5 

& 

0 

in'.  5 

•  M 

74*1 

loll 

Ctl  Vi 

98.  05 

3  21 

a.  i.l 

4  11 

4  40 

».  5* 

0. 82 

10  II) 

9.81 

While  the  records  show  an  average  of  about  seven  hours  worked 
per  day,  this  applies  only  to  the  actual  field  operations,  though  in 
reality  three  or  four  hours  of  cheeking  is  required  each  day  to  keep 
the  notes  computed  and  cheeked.  This  work  is  generally  done  over 
the  noon  hours  and  in  the  evening,  so  that  the  average  working  day 
is  from  ten  to  twelve  hours  long. 
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7.  COST  OF  WORK. 


The  cost  of  St.  Lawrence  River  work  was  as  follows: 

Establishing  18  water  gauges,  distributed  over  120  miles . .  $131.30 

Reading  18  water  gauges  at  ten-minute  intervals  for  ten  days,  and  super¬ 
intendence  _ _ _ _ _ _ _ _  438.84 

Materials  (cement  and  brass  bolts)  for  61  permanent  bench  marks _  23. 79 

Placing  61  permanent  bench  marks,  covering  120  miles _ _  251.40 

Cost  of  leveling  433.55  kilometers,  single  precise  level  line _ _  2, 354. 80 

Final  reduction  of  notes  and  compilation  of  results, . -  .  360. 22 

Traveling  expenses  for  party  to  and  from  field  . .  183. 71 


Total  . . . . . . . .  3,744.06 


Sixty-five  dollars  of  the  amount  charged  to  reduction  of  notes  was 
paid  by  the  United  States  Lake  Survey,  the  remainder,  $3,679.06  was 
paid  by  the  United  States  Board  of  Engineers  on  Deep  Waterways. 
The  cost  of  the  Lake  St.  Clair  level  was  as  follows: 

Cost  of  leveling  98.03  kilometers,  single  precise  level  line  and  placing 

benches.-, . . . . . . . - . . . $451.85 

Final  reduction  of  notes  and  compilation  of  results . .  . .  82. 00 

Traveling  expenses  for  party . . . . .... .  .  13. 10 

Total . . . . . . . . .  546.95 

Paid  by  the  United  States  Lake  Survey. 

This  gives  the  following  unit  prices: 


Items. 

St.  Law¬ 
rence 
River. 

Lake 

St.  Glair. 

Establishment  of  permanent  bench  marks . _ . 

$4.51 
5. 43 

Cost  of  leveling  1  kilometer,  single  line .  .  . . 

$4. 01 
9.  22 
84 

Cost  of  leveling  1  kilometer,  direct  and  reverse  . . . 

Cost  of  reducing  and  compiling  notes,  per  kilometer _ _ _ _ 

10. 80 
.83 

The  difference  in  cost  between  the  St.  Lawrence  River  and  the  Lake 
St.  Clair  levels  is  due  almost  entirely  to  the  higher  wages  paid  on  the 
former  work  and  somewhat  to  the  fact  that  the  St.  Lawrence  River 
line  was  very  hilly,  while  the  Lake  St.  Clair  line  was  practically  level. 

It  is  difficult  to  discuss  the  comparative  cost  of  different  levels 
because  so  much  depends  on  1  lie  character  of  the  work,  the  ground 
over  which  the  levels  are  run,  and  the  liberality  in  the  wages  paid. 

Generally  the  inducements  are  altogether  insufficient  to  warrant 
following  up  precise  leveling  as  a  speciality,  although  the  subject 
demands  a  specialist  in  the  highest  sense.  The  unpleasantness  of  the 
occupation  is  by  no  means  inviting.  Working  hours  are  such  as  neces¬ 
sity  demands,  and  may  be  any  out  of  the  twenty-four.  Also,  parties 
are  generally  subsisted  on  the  farming  community,  where  the  con¬ 
veniences  and  food  are  often  anything  but  desirable. 

A  good  man  for  chief  of  a  precise  level  party  must  have  little  regard 
for  his  own  welfare  and  comfort.  He  must  be  a  hard  worker  and 
hustler,  willing  to  labor  for  a  mere  existence,  and  he  must  be  a 
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speeialist,  possessing  a  broad  scientific  training,  combined  with  a 
faculty  for  careful  and  patient  research,  united  with  a  natural  adap¬ 
tation  to  artistic  manipulations.  Few  men  possessing  the  required 
capabilities  will  seek  employment  of  this  kind. 

It  would  not  Ik?  excessive  compensation  to  increase  the  rate  of  pay 
to  tin*  extent  of  raising  the  cost  of  leveling  from  per  double 

kilometer  to  tsl.'L 

A  reform,  said  to  have  been  introduced  in  France  by  M.  I.ellemand 
in  lss4,  by  which  the  pay  of  the  party  increases  in  proportion  to  the 
square  of  the  mindier  of  kilometers  run  by  each  party,  would  be  very 
acceptable  here. 

The  results  of  the  slope  observations  of  the  St.  Lawrence  and  St. 
Clair  Rivers  are  given  in  the  following  table,  and  the  elevations  and 
descriptions  of  bench  marks  are  tabulated  in  Appendix  No.  -J-J: 

Table  No.  1. — Slojte  otmerrations  ttf  St.  harmin'  liit'rr  In  tin  i  n  St.  Regia  amt 

f'ajn'  Vincent ,  .V.  V. 


[Made  between  .Inly  27  itinl  August  «i.  1808,] 
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Racket  River . 
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-  1  tin.* 

/•. .  t 
1.7il  >7 

PW! 

1*4 

Milit 

\lilr». 

Frrt. 

Frrt. 

Ft.iirr 
in  i  Ir. 

Ft.jtrr 

milr. 

•1 

(Jrass  River  . 

—  2  :cbi 

I.W,  183 

Ifttl  844 

a.» 

3H 

2  24‘.i 

2  240 

o  777 

o  777 

ii 

Roljinr*. him  Bay  . . 

2  ms 

M7  ia»; 

Ktfi  «70 

a. « 

7.  h 

8.  83.7 

11  1184 

2  aift 

1  421 

4 

Polly*  Cre«k  .  . 

-  2  od 

17.7  at7 

173  I7H 

1  8 

n  n 

7  4!»7 

18  .78 1 

4.  llift 

1  lew 

ft 

Richards  Landing 

2.  ml 

an  «73 

as  71 12 

ft.  7 

1.7  3 

31  14114 

TO  m: 

ft  .747 

3  281 

n 

Louisville  Landing 

—2  lar. 

an  it; t 

.HI  188 

2.3 

17  0 

1.300 

.71. 740 

o.  ai7 

2  !«1 

7 

Below  Bradfords 
Hill . 

—  l  wo 

a«>  met 

207  057 

4.1 

21.7 

1. 4UH 

■73.  (102 

(l.  358 

2  44ft 

8 

Alx>ve  Brud  fords 
Hill . 

—  Men 

2in  ns 

as  ws 

(1.4 

22  l 

l.:t» 

.74.  :is8 

3. 315 

! 

2  401 

II 

M  urpbva  Island 

—  1.878 

21ft.  .7.73 

213.  H7.7 

4.7 

as.  8 

4  IP.  12 

ftu.two 

O.UOH 

2  ad 

in 

Bo  low  NVaddington 
Dtm  . 

2  2:10 

217  4-> 

21.7  ae 

3.1 

2H  0 

1.627 

60.  tlo7 

0. 4112 

2.027 

11 

Lenhutan  Point  . 

2  2VI 

22>  7KI 

22H  412 

2. 4 

32.  3 

11  210 

71.  hi  • 

4.H71 

•_» 

l- 

Point  Rock  wav _ 

-  2  130 

210  ll7H 

228  .7*3 

1  i 

37  7 

2  1  11 

73  848 

0.  i>27 

2  (171 

l:i 

Sheldon  Island  .  . 

—  2  ltd 

an  in*. 

a  17. 8iit7 

4  14 

40.3 

7.2U2 

81.210 

1.  .77V 

2.015 

14 

Butternut  Inland 

2.  ail 

247  12W 

244.  8*48 

4  3 

44.14 

0.003 

HO  27  3 

2.  BW 

2  1 C4 

15 

Ogdensburg  Light- 
Houac  . 

—  2  Ml 

248  lftft 

24.7.811 

ft.  8 

70.  4 

0. 04:< 

id.  216 

n.  its? 

1.810 

10 

Foot  of  Brocks 
Oroup  . 

2.  <  Ml 

247  mm 

24.7  870 

l!f  1* 

02.  6 

o.ofto 

id  27ft 

0.005 

1  4110 

1 1 

Alexandria  Bay 

2.  1 

248  27H 

24(1  ins 

a>.T 

82.  7 

o  :c.*8 

id.  m  0 

0.010 

1  108 

18 

CaiHi  Vincent . 

2  318 

248  sitt 

3441.  48,7 

2ft.  ft 

108.2 

o  287 

01.800 

o.oii 

0. 84(» 

Note. — 'fhe  distances  in  above  table  are  measured  along  the  river, 
not  along  the  precise  level  line. 
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Table  No.  2. — Slope  observations  on  Lake  St.  Clair  between  Windmill  Point  and 

New  Baltimore. 

[Made  July  19, 1899.] 


© 

be 

c8 

t£ 

0 

6 

fc 

Location. 

Mean 

gauge 

read¬ 

ing. 

Eleva¬ 
tion, 
zero  of 
gauge. 

Elevation,  sur 
face  of  water. 

I 

Mean-  noon. 

Distance  between 
gauges. 

Distance  from 

gauge  No.  10. 

Fall  between 
gauges. 

Fall  from  gauge 

No.  111. 

Slope  between 

gauges. 

Slope  from  gauge 

No.JO. 

Ft.  per 

Ft. per 

Feet. 

Feet. 

Feet. 

Feet. 

Miles 

Miles 

Feet. 

Feet. 

mile. 

mite. 

10 

New  Baltimore,  at 

dock  ...  _ _ 

+3. 887 

571.736 

575. 623 

A 

Clinton  River.  5 

miles  above  its 

mouth _ _ _ 

-0. 916 

576, 567 

575. 651 

575. 617 

7.1 

7.1 

0. 019 

0. 019 

0. 00268 

0. 00268 

B 

L'Anse  Creuse  Bay, 

at  Catholic  Church 

-0. 841 

576.  462 

575. 621 

575. 587 

7.0 

14.  1 

0. 030 

0. 049 

0. 00429 

0. 00347 

c 

Milk  River  Point _ 

-0. 964 

576. 525 

575. 561 

575. 525 

3.2 

17.3 

0.062 

0.  Ill 

0. 01938 

0. 00642 

D 

Grossepoint.on  New 

berry  Dock  . . 

+0. 055 

575. 448 

575. 503 

575. 478 

4.  r> 

21.9 

0. 047 

0. 158 

0.01022 

0.00717 

E 

li  miles  above  Wind- 

mill  Point  Light- 

House _ _ 

-0.910 

576.367 

575. 457 

575.417 

2.0 

23. 9 

0. 061 

0.219 

0. 03050 

0.00916 

11 

Windmill  Point 

Light-House  Dock. 

+0.087 

575. 222 

575.309 

575. 292 

1. 1 

25.0 

0. 125 

0.344 

0. 11364 

0. 01376 

Note.— The  gauges  were  read  every  15  minutes  between  9  a.  m.  and  0  p.  m.  on  July  19,  1899. 
The  wind  was  fresh  from  the  east  and  northeast.  At  1,1  m.  the  wind  abated  for  a  short  time 
and  hence  the  11  o'clock  readings  were  used  for  the  slope  determinations.  The  distances  are 
over  the  air  lines  between  the  gauges. 

I  am,  very  respectfully,  your  obedient  servant, 

David  Molitor, 

Assistant  Engineer. 

The  Board  of  Engineers  on  Deep  Waterways. 


Appendix  No.  21. 

PRECISE  LEVELS  ALONG  DETROIT  AND  ST.  CLAIR  RIVERS. 

Detroit,  Mich.,  February  27,  1899. 

Gentlemen:  I  have  the  honor  to  make  the  following  report  upon 
precise  levels  between  Lake  Erie  and  Lake  Huron. 

The  party  was  engaged  and  reported  for  duty  in  Trenton,  Mich., 
on  September  21,  1898.  It  consisted  of  1  observer,  1  recorder,  2  rod- 
men,  1  umbrellaman,  and  1  axman. 

The  Kern  precise  leveling  instrument  No.  5  with  rods  Nos.  14  and 
17  were  borrowed  of  the  Mississippi  River  Commission  for  this  work. 
The  further  equipment  of  the  party  was  furnished  from  the  Lake 
Survey  Office,  Lieut.  Col.  G.  J.  Lydecker,  Corps  of  Engineers,  in 
charge,  by  Mr.  E.  E.  Ilaskell,  assistant  engineer.  The  “turning 
point”  or  “ rod  supports ”  were  specially-designed  pins  turned  from 
one  piece  of  tool  steel. 

H.  Doc.  149 - 
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A  former  line  of  levels  over  this  reach,  run  in  1  s 7 7 ,  followed  the 
line  of  the  railroads,  and  so  was  generally  several  miles  from  tin* 
waters  of  the  Detroit  Diver,  Lake  St.  Clair,  and  the  St.  Clair  River. 
The  line  discussed  in  this  report  followed  the  highway,  generally 
close  to  the  water,  connecting  at  the  start  and  finish  and  every  few 
miles  with  gauges  that  were  read  every  ten  minutes  from  7  o'clock 
a.  m.  to  (>  o'clock  p.  m.  from  Oetolier  10  to  October  15,  Loth  inclusive. 
The  readings  of  the  12th  and  14th,  on  the  upper  reach,  were  rejected 
on  account  of  wind.1 

'This  work  is  divided  into  two  parts: 

First.  Lake  Krie  gauge  and  “l\  S.  It.  M.  Gibraltar,  1S77,”  to  gauge 
at  the  foot  of  Lake  St.  Clair,  connecting  also  with  bench  marks  of 
1  s77  at  Trenton  ami  Wyandotte ;  and  of  1  s7 1  at  the  I  >et  roit  Light -I  louse 
Depot  and  wit h  gauges  at  Wyandotte,  “Teeumseh  Salt  Works,”  ami 
foot  of  eighteenth  street,  Detroit. 

Second,  from  Lake  Huron  gauge  and  “  l\  S.  IL  M.  Fort  Gratiot, 
1S77,”  to  New  Raltimore  gauge  on  Lake  St.  Clair,  connecting  also 
with  gauges  at  Fort  Gratiot,  Port  Huron,  Hamilton  Place,  Marysville, 
St.  Clair,  .Marine  City,  and  Algonac.  Thus  leaving  a  stretch  of  water 
levels  of  25  miles,  from  New  Hultimorc  to  Windmill  Point. - 

At  Trenton  the  inst rument,  level  t  uIm*,  and  rods  were  tested  and  put 
in  good  order  and  observations  taken  for  the  instrumental  values  ami 
the  necessary  tables  made  for  reducing  notes  as  the  work  progressed. 

Field  work  was  liegun  on  September  24.  The  party  was  quartered 
in  the  villages  and  cities  along  the  route. 

METHODS  OF  WORK. 

These  were  similar  to  those  described  in  Kejiort  of  Chief  of  Engi¬ 
neers,  1SH0,  page  1051.  Every  day,  upon  starting  work,  the  errors  of 
the  instrument  were  made  very  small.  As  the  work  progressed  the 
sums  of  backsights  and  foresights  were  kept  running  equal,  and  at 
the  end  of  each  run,  usually  closed  bet  ween  0.0  and  2  meters.  At  the 
end  of  the  day’s  work  the  errors  of  the  instrument  were  measured  and 
their  algebraic  sum,  made  out  in  millimeters  per  meter,  applied  to  the 
amount  of  excess  for  each  run. 

All  lines  run  forward  to  the  farther  or  additional  point  were 
described  as  direct  lines  “  D,”  the  other  line  of  each  pair,  in  all  eases 
run  in  t  he  opposite  direct  ion,  were  described  as  reverse  lines  “  R.” 

As  an  additional  caution  against  large  errors,  the  decimeter  figures 
for  each  of  the  three  wires  were  called  out  first ,  lief  ore  the  accurate 
and  line  level  readings  were  taken  and  again  repeated  afterwards  with 
the  whole  reading. 

1  A  similar  set  of  gauge  readings  were  made  June  2<>  to  July  1,  ls'.iy. 

•  Conne  tion  between  New  Baltimore  and  Windmill  Point  bench  marks  was 
made  in  1  sii'.l  by  line  of  precise  levels,  the  results  of  which  are  used  in  determining 
the  fall  between  Lake  Huron  and  Lake  Erie. 
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The  method  of  taking  but  one  reading  for  backsight  and  one  read¬ 
ing  for  foresight  with  telescope  normal  and  level  direct  was  followed 
as  usual,  and  this  gives  as  good  results  as  the  method  pursued  by  some 
precise  levelers  of  taking  in  additional  readings  with  telescope  inverted 
and  level  reversed,  though  the  latter  will  require  about  one-half  as 
much  more  time. 

The  elevations  of  “base  of  rail”  were  taken  whenever  our  line 
crossed  a  railroad  track. 

FIELD  COMPUTATION. 

If  the  two  lines,  between  any  two  bench  marks,  checked  within  the 
prescribed  limit,  3  mm.  -v/distance  between  bench  marks  in  kilometers, 
it  was  passed  as  sufficiently  good ;  otherwise  it  was  rerun,  twice  as 
before.  This  limit  is  more  severe  than  that  heretofore  used,  which 
was  3  mm.  V 2  x distance  between  bench  marks  in  kilometers.  Thus 
3  mm.  V  Iv.  for  a  stretch  of  1,000  m.  =  3  mm.;  former  limit  gives 
4.24  mm. 

And  3  nun.  \/K.  for  a  stretch  of  2,000  m.  =4.24;  former  limit  gives 
G  mm. 

In  making  the  field  reduction  the  sum  of  the  three  wire  readings 
were  made  at  the  foot  of  each  page,  divided  by  3  and  made  to  check 
with  the  sums  of  means  for  each  page.  After  completing  the  two 
runs  over  a  stretch,  a  field  computation  was  made  before  leaving  the 
vicinity. 

FIELD  TABULATION. 

A  field  tabulation  giving  all  necessary  information  in  reference  to 
each  stretch  was  kept  along  with  the  field  work.  This  is  indispensable 
as  a  record  to  refer  to  and  to  compare  the  office  reduction  with. 

PLOT  OF  DISCREPANCIES. 

A  plot  of  discrepancies  between  the  continuous  direct  and  reverse 
lines  was  made;  the  distance  between  these  lines  at  any  bench  mark 
shows  the  algebraic  summation  of  the  errors  of  closure  at.  this  point 
from  the  initial  point.  If  the  results  are  being  affected  by  a  “  con¬ 
stant”  error,  its  presence  will  soon  be  shown  by  this  graphic  repre¬ 
sentation,  and,  by  understanding  the  principles  of  the  work  and  the 
instruments,  the  observer  can  soon  locate  its  cause  and  remove  it. 

During  this  season’s  work  our  results  were  affected  slightly  from  a 
constant  error  caused  for  a  time  by  frozen  ground,  where  the  pins 
showed  heaving,  but  this  was  soon  obviated,  first  by  cutting  through 
the  frost  and  later  by  using  stakes. 

BENCH  MARKS. 

Over  this  line  of  work  are  distributed  7  old  bench  marKs,  13  gauges, 
16  gauge  bench  marks,  34  permanent  bench  marks,  93  temporary 
bench  marks. 
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Sketches  were  made  of  the  locution  of  all  permanent  bench  marks, 
which  were  established  upon  masonry  structures  and  lettered  when 
possible  “  1’.  S.  1'.  II.  M.”  All  bench  marks  are  well  described. 

Table  xlmtrinff  the  amount  of  line  atul  number  of  times  each  jtortion  was  run. 


Times  run. 

Distance. 

Meters.  Miles. 

Decimal 
of  the  „h,nKle 
Whole.  lin"  rnn 

Hun  twice . . . . . 

Run  three  times . 

Run  four  times . . 

llS.-Cto 
2.  ttSl 
to.  BUB 

751  M2 
l.Miti 
rt.  770 

0.N0.M 

0.(1221 

0.0826 

Miles 
147.084 
5.  44H 
27  104 

Total . . 

132.  lftft 

VM 

1  mu 

1 7»  ttW 

MhIii  lino  completed  71. *1*  mile*. 
Side  lino  completed  10  2!*'i  miles 


HATH  <»F  PROGRESS. 

From  the  time  that  field  work  bewail,  September  24,  to  close  of  field 
work,  December  15,  both  inclusive,  was  S3  days. 

Deducting  12  Sundays,  on  which  no  work  was  done,  =71  weekdays. 

Average  length  of  line  completed  for  each  of  the  71  week  days,  = 
1.157  miles. 

Average  length  of  single  line  run  for  each  of  the  71  weekdays, 
=2.530  miles. 

I'pon  completing  the  line,  observations  were  again  taken  for  instru¬ 
mental  values. 

The  party  was  then  ordered  to  the  office  and  disbanded  and  the 
property  accounted  for  and  placed.  Mr.  C.  Frederic  Ileyerman, 
recorder,  was  retained  to  assist  mein  making  the  otliee  computations. 

All  of  the  members  of  the  party  were  faithful  in  the  performance  of 
their  work. 

OFFICE  REDUCTION. 

The  15  noteliooks  were  indexed  and  blinded. 

All  observat ions  for  inst rumcntal  factors  were  recomputed,  and  from 
the  corresponding  or  mean  values  the  necessary  tables  were  made  out 
for  use  in  this  final  reduction.  These  are  enumerated  in  Report  of 
Chief  of  Engineers  for  lHtiG,  page  1 H55. 

The  checking  of  the  field  notes  was  made  complete. 

A  recomputation  of  all  corrections  due  to  collimation  and  inclina¬ 
tion  were  made,  based  upon  the  above  values.  These  corrections 
aggregate  but  a  small  quantity. 

A  recomputation  of  difference  of  elevation  from  bench  mark  to 
bench  mark  of  all  runs  was  made  and  compared  with  the  field  com- 
putat ion  point  by  point. 

The  results  were  then  compiled  on  a  new  tabulation  and  the  chain 
of  results  carried  through  and  compared  point  by  point  with  the  field 
tabulation. 
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No  “rod  correction”  was  applied,  owing  to  the  fact  that  former 
comparisons  of  these  rods  with  standard  lengths  show  that  they  are 
practically  standard,  also  because  the  difference  of  elevations  are 
small. 


Office  reduction  of  precise  levels ,  Lake  Erie  to  Lake  St.  Clair  and  Lake  Huron  to  Lake 
St.  Clair,  September  :?4  to  December  15,  1898. 


[Value  (n )  in  seconds  of  one  division  of  level  tube  No.  2  used.] 


At  beginning  n  =  1.899  seconds. 
At  end  n  — 1.792  seconds. 


Mean  valne= 1.845  seconds. 


Tang,  of  1.899  seconds=0.00000920661. 
Tang,  of  1.792  seconds =0.00000868762. 


Mean = 0. 000008 94711. 


WIRE  INTERVALS. 


At  begin¬ 
ning  of 
season. 

i  a 

8  18. 56 

V  42.97 

At  end  of 
season. 

Value  of  lower  interval . . . . . . . . 

Value  of  upper  interval . . ... 

Total . . . . . . . 

f  n 

8  22.78 
7  48.77 

16  01.53 

16  11.55 

Divergence  per  meter  beyond  “ic-ff  >'’ . . . . . 

'4.  7008  mm. 

4.  7018  mm. 

Inequality  of  telescope  rings. — -p=The  correction  to  apply  to  the 
excessive  sights,  given  in  millimeters  per  meter. 

At  beginning  of  season_p=  — 0.00378,  eye  ring  larger,  i  Mean,  _p=  —  0.001. 
At  end  of  season  p=  +  0.00122,  object  ring  larger.  (Eye  ring  larger. 

“A”  of  Rods  XI I  and  XVII. — The  “A”  of  a  rod  is  the  amount 
to  apply  to  any  reading  to  give  the  length  from  this  point  (or  inter¬ 
cept)  to  the  point  the  rod  is  held  upon.  Made  equal  by  filing. 

Mean  of  8  measurements  gave  A=— 56.2  mm. 

ilBr”  of  Rod  XIV. — The  “B”  of  a  rod  is  the  distance  along  the 
axis  of  the  rod  from  its  square  shoulder  to  the  bottom  of  its  spur. 
Br  is  this  quantity  for  the  right  side. 

Mean  of  3  sets  of  observations  gave  Br  Rod  XIV=  — 15.6  mm. 

Table  to  find  the  correction  for  “inclination”  of  level  tube  in  mil¬ 
limeters  per  meter,  by  taking  out  the  quantity  corresponding  to  the 
difference  of  differences  of  end  readings  of  bubble — “level  direct” — - 
“level  reverse.” 


Difference 
of  bubble 
readings. 

Correction  in 
millimeters 
per  meter. 

Difference 
of  bubble 
readings. 

Correction  in 
millimeters 
per  meter. 

-t-0.1 

+  .000224 

+  0.6 

+  0. 001341 

0.2 

0.000447 

0.7 

0.001564 

0.3 

0.000671 

0.8 

0. 001788 

0.4 

0.000894 

0.9 

0. 002012 

0.5 

0. 00] 118 
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Also  used  to  correct  any  rod  reading  with  eccentric  bubble  to  cen¬ 
tral  bubble,  by  taking  out  the  quantity  corresponding  to  tin* *  differ¬ 
ence  of  end  readings  of  bubble  and  multiplying  by  2  and  by  the  num¬ 
ber  of  meters  in  the  sight. 

Hern  pit  illation  of  instrumental  factor 8. 

[Office  reduction  <>f  precise  level*.  Lake  Huron  to  Lake  Erie.  Septemlier  24  to  December  15. 1898.) 


Kern  precise  li-vel  X<>.  5 


Sept  24  toOrt  21  Oct  22  to  Nov  18  Nov  lit  to  Dee  15. 


Curvature  In  one  division  of  level  tula* 

No.  2--n**  . 

“p  "  per  in  correction  due  to  inequality 

"f  tel  ring'  . 

“S"  ^distance  at  which  one  division 

subtends  1  min .  . 

Angular  value  of  intervals: 

I.oWer .  . 


Up|H>r  . . 

Total  . 

Divergence  per  m.  beyond  (c  +  ft, 

(c+ft  <•  55  m. ...  .  . 

“A"  of  Kern  Hods  XIV  and  XVII  . 

Br  of  Rod  XIV  . 


Displacement « <t  bubble,  one  division  for 

1  m  -  . 

Mean  standard  of  value  of  1  ui.  on  rods 
used . 


l.xtnisec .  1.845  sec 

—O.t  Hi .  —0.001  .. 

lu«  in  .  .  112  m... 


1.7V2  seconds. 
+0.001. 

115  in 


8  min.  1 8  .56  sec. 

7  min.  42.  (C  see  .. 
1*4  inin  01. .VI  sis' 


8  min.  22  78  sec. 

7  min.  48.77  sec. 
lti  min.  II. .55  sec. 


4.7t»ts  mm 
—.5i4 2  mm 
—  15  tl  inin 


4.713  mm  . 

-562  mm . 

—  15.6  mm . 


4.718  mm. 
— .5*1. 2  mm. 
— 15.6  mm. 


11  now  l  mm  .  0.( »  mm 


0.00872  mm 


l.imnno . .  l  aooooo 


l.iam.11. 


Tin*  -standard  length  * *t'  1  in.  on  Rods  XI\'  and  XVII,  resjiect ivtdy, 
have  lieen  determined  jis  follows: 


Rod  Date. 


Reference 


Standard 
length  of 
1  in 


XIV  Aug  — ,  ls-s2 

XVII  do  . 

XIV  Sept  :»>.  1801 
XVII  do  ... 


.  Report  Chief  of  Engineer*.  1hk4,  p  24*54 .  1.IIIX10 

do  - .  I  ‘•‘•'It 

Report  Chief  of  Engineers.  1802,  p.  3176 . . .  u  uuwt.s 

do  .  .  1.000028 

Mean  of  all .  1.0000U7 

* 


DEtiKEK  OK  PRECISION  VTTAIXKD. 

In  this  line  of  work  there  won*  :»4f>  liiu*s  run  from  one  bench  mark 
to  another. 

Of  those,  11  pairs  were  rerun  because  they  did  not  check  within  the 
limit. 

The  largest  of  these  discrepancies  was  one  of  0.7  mm.;  4,  in  all, 
were  greater  than  5  mm.;  and  4  were  between  4  and  5  mm.  Thus 
lh»*  greatest  discrepancy  in  any  two  lines  during  the  whole  season’s 
work  was  0.7  mm.  =  0.022  foot,  and  the  length  of  this  stretch  was 
1,440  meters  =  0.0  miles;  that  i>,  the  distance  in  which  this  0.022  foot 
was  accumulated  was  1.8  miles,  the  length  of  the  loop.  It  might  be 
addi-il  th.it  this  error  was  plainly  attributable  to  the  action  of  frost. 

For  this  line,  the  probable  error  per  kilometer  is  0.48  mm. 

A  probable  error  of  i0.4S  mm.  per  kilometer  gives  a  probable  error 
of  »'*.  1  inin.  for  a  line  100  miles  long. 


DEEP  WATERWAYS. 


1015 


The  descriptions  and  elevations  of  the  permanent  bench  marks 
established  during  the  progress  of  this  work  are  given  in  Part  III, 
Appendix  No.  22. 

The  plane  of  reference  of  the  elevations  given  is  mean  tide  at  New 
York,  as  given  in  Professional  Papers,  Corps  of  Engineers,  United 
States  Army,  No.  24,  page  616. 

Very  respectfully  submitted. 

O.  5V.  Ferguson, 
Assistant  Engineer . 

The  Board  of  Engineers  on  Deep  Waterways. 


Appendix  No.  22. 

DESCRIPTION  AND  ELEVATION  OF  BENCH  MARKS. 

These  bench  marks  were  established  during  the  progress  of  the  sur¬ 
veys  for  deep  waterways.  The  list  is  divided  into  three  parts,  cor¬ 
responding  to  the  three  initial  bench  marks.  All  elevations  are  given  in 
feet  and  decimals  above  mean  tide  at  New  York  and  depend  on  the 
adopted  elevation  of  the  initial  bench  of  the  part  in  which  the  eleva¬ 
tion  appears. 

Part  I. — The  initial  bench  mark  of  Part  I  is  the  Greenbusli  bench 
mark,  and  the  adopted  elevation  14.73.  The  lines  of  levels  here 
included  are  fully  reported  on  in  Part  III  of  the  report  of  Charles  L. 
Harrison,  principal  assistant  engineer,  Appendix  No.  10. 

Part  II. — The  initial  bench  mark  of  Part  II  is  the  one  on  t lie  light¬ 
house  at  Buffalo,  whose  elevation  was  established  by  the  United  States 
engineers  as  589.807  above  mean  tide  at  New  York.  This  elevation 
was  adopted  as  a  starting  point  for  all  levels  run  under  the  direction 
of  Mr.  Charles  L.  Harrison,  assistant  engineer  in  charge  of  Niagara 
Ship  Canal  surveys. 

These  levels  were  run  with  a  Buff  cfc  Berger  wye  level.  All  lines 
were  run  twice,  the  second  run  being  in  the  opposite  direction  from 
that  of  the  first,  and  the  mean  of  the  two  runs  used  in  establishing 
elevations.  The  work  was  commenced  in  September,  1897,  and  com¬ 
pleted  in  February,  1898.  The  main  line  extends  from  Buffalo  to 
Olcott  via  Tonawanda,  with  three  side  lines,  as  follows: 

A  line  crossing  the  Niagara  River  on  the  International  Bridge  at 
Buffalo,  and  thence  extending  south  along  the  river  to  Lake  Erie.  A 
line  along  the  River  Road  from  North  Tonawanda  to  Niagara  Falls. 
A  line  near  the  Military  Road  from  Lasalle  to  Lewiston. 

Part  III. — The  initial  bench  mark  of  Part  III  is  the  United  States 
Lake  Survey  bench  mark  Gibraltar  (1877),  at  Gibraltar,  Mich.  The 
Lake  Survey  established  its  elevation  at  582.45  above  mean  tide  at 
New  York,  and  this  elevation  was  adopted  by  the  Deep  Waterway 


1016 


DKKl*  WATERWAYS. 


Survey.  Two  lines  of  precise  levels  were  run  by  Assistant  Engineer 
Ferguson  in  1>>9H;  the  one  from  the  bench  mark  at  Gibraltar  to  Orosse 
Point,  at  ihe  foot  of  Lake  St.  Clair,  and  the  other  from  the  United 
States  Lake  Survey  bench  mark,  Fort  Gratiot,  at  the  foot  of  Lake 
Huron,  to  New  Halt  imorc,  on  Lake  St.  Clair.  These  lines  are  described 
in  Mr.  Ferguson’s  report,  Appendix  No.  21. 

In  1899  Mr.  David  Molitor  joined  Mr.  Ferguson's  lines  by  a  line  of 
precise  levels  along  lln*  shores  of  Lake  St.  Clair.  The  elevations  given 
in  the  lists  (Part  III)  all  depend  on  the  Gibraltar  l>enoh  mark,  the 
elevat ions  established  by  Mr.  Ferguson  from  New  Baltimore  to  Lake 
Huron  having  been  changed  in  accordance  with  Mr.  Molitor's  line. 


Part  I. 

BENCH  MARKS  t  >X  EAST  SIDE  OF  HUDSON  RIVER,  BETWEEN  HUDSON  AND 

OREKNBU8H.  N.  V. 

[Thp  dinUiMi'n  n'conlwl  In  tillin'  table*  are  measured  along  the  line  on  which  the  levels  were 

run.] 


Description  of  location. 


house 


•ross  in  circle  on  l>olt  mi  north  ilnvit  for  l*mt  ut  Stuyve- 
llght-house  ami  .1  feet  mirth  of  northwest  corner  of  light 


At  Hudson  City,  N.  Y . 

A  knob  in  square  on  ton  stone  at  northwest  corner  of  south 
Abutment  of  bridge  No.  N.  V  C.  ami  H  R.  R  R  .  als.ut  3,2m 
feet  south  of  liudsou  City  R.  R.  Station 

At  Hudson  City,  N.  Y  «  _ 

A  round  headed  Isdt  in  west  side  of  top  of  stoho  pier  under 
iron  eoluinn  of  overheu  1  bridge  <>n  street  leading  to  the  docks 
ami  Atliens  ferry  The  pier  is  the  seeotrl  from  the  south  in 
tiie  first  row  ot  columns  irom  the  east. 

Ne  ir  Hudson  City.  N.  Y  . . . . 

Center  of  square  cut  in  top  stone  ut  northeast  corner  of  north 
w  1 1 1 if  w  all  of  bridge  No.llilol  N  V  C.  and  H.  It  R  R.  uboiit 
Mill  feet  nortli  of  Hudson  City  R.  R.  Station 

At  Stockport  Station.  N.  V  ..... 

Center  of  square  cut  on  northwest  corner  of  south  abutment 
of  bridge  No.  :tit7,  N.  Y.  C  ami  H  R.  R.  R.,  just  south  of  Stock- 
port  Station. 

At  Stockport  LaudiuK  . 

( 'enter  square  rut  in  large  stone  on  east  shle  of  N  \  .  C.  and 
H.  R.*R.  R  .  In  feet  from  east  rail  and  l, Util  feet  south  of  Stork 
port  1  s ait  landing. 

Near  Stockport  Lauding,  N  Y .  . 

A  square  cut  in  top  stone  at  northwest  corner  of  bridge' No. 
•III.  S.  V  C.  and  H.  R.  R.  R..  alxiiit  4.A«i  feet  north  of  Stork- 
port  Landing. 

Near  >  ‘oxsackie  Station.  N  Y  . 

A  eross  in  circle  pn  stone  on  southeast  wing  wall  of  bridge 
No.  31s.  N.  V  C  and  H  R.  It.  R  ,  ulxiut  2, so  feet  nortli  of  Cox- 
saekie  Station. 

At  Stuyvesaut.  N.  Y  . . 

A  cross  in  circle  on  southwest  corner  of  -ill  of  d.~.r  to  wait¬ 
ing  risun  on  west  side  ot  Stuyvesaut  Station  building 

Between  Stuy  vosant  and  Castleton.  N.  Y  . 

Center  of  squure  <*ut  in  stone  on  southeast  corner  of  stone 
culvert  on  N.  Y.  C.  and  H  R.  R  R  .  al«uit  1.3H  feet  south  of 
road  to  Stuyvesaut  light  house 

Between  Stuyvesaut  ami  Castleton,  N  Y 
A  cross 
sant 


5  rg  d 

5 

w  gj 

C  «-•  2  — 
?  5^  • 

£  ? 

W  *  •« 

tty. 

*  «  =  * 
tr  w  3 


a*,  ai 

27.  til 

20  SO 

23  65 

22. 75 

21.70 

19.05 

17.80 
10. 40 

10. 15 


Between  Stuvvesant  and  Castleton.  N.  Y' .  . 

( ‘enter  of  square  cut  in  top  stone  on  the  southwest  corner  of 
bridge  No  -tX.  N.  Y.  C.  and  H.  It.  R.  R  ,  about  2,0111  feet  south 
of  south  end  of  Hotaling  Island. 


15.30 


n 

X 


r  > 

S  S 

M  •— 

c 18 

^-r 
>  •— 


-0.94 

+  7  79 

-  3.50 

+11. SI 

-0.14 

+  8.59 

-7.45 

+  7.38 

—3. 1 1 

+  10.90 

—5.00 

9.1)7 

—7.30 

7.43 

-.08 

14.05 

-7.28 

7.45 

-4.91 

9.83 

—5.30 

9.43 
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Part  I — Continued. 

BENCH  MARKS  ON  EAST  SIDE  OF  HUDSON  RIVER,  BETWEEN  HUDSON  AND 

OREENBUSH,  N.  Y. -Continued. 


Description  of  location. 


Between  Stuyvesant  and  Castleton.  N.  Y.,  opposite  New  Balti¬ 
more  light-house .  . . . 

Center  of  square  cut  on  natural  ledge,  60  feet  east  of  N.  Y.  C. 
and  H.  R.  R.  R.  track,  in  line  with  south  side  of  warehouse  at 
dock  for  loading  brick,  1.1  miles  south  of  Schodack  Landing. 

Near  Castleton,  N.  Y . ; . . 

A  cross  on  stone  on  east  side  of  foundation  of  water  tank, 
near  signal  tower  No,  94  on  N.  Y.  C.  and  H.  R.  R.  R.  and  oppo¬ 
site  Mulls  light  house. 

Near  Castleton,  N.Y . . . 

A-  square  cut  on  stone  on  east  end  of  culvert  No.  337  of  N.  Y.  C. 
and  H.  R.  R.  R..  about  2,200  feet  south  of  Castleton  light  house. 

Near  Castleton,  N.  Y  . . . .  . . 

A  cross  in  circle  cut  on  stone  forming  second  step  of  south¬ 
west  wing  wall  of  bridge  No.  339  of  N.  Y.  C.  and  H.  R.  R.  R., 
about  1  mile  south  of  Castleton,  N.  Y.,  and  opposite  Castleton 
light-house. 

At  Castleton,  N.Y..... .  . . . 

A  cross  cut  in  stone  sill  of  north  door  on  west  side  of  N.  Y.  C. 
and  H.  R.  R.  R.  depot  at  Castleton,  N.  Y. 

Near  Castleton,  N.  Y . . 

A  square  cut  in  stone  at  southwest  corner  of  north  abut 
ment  of  bridge  No.  341  of  N.  Y.  C.  and  H.  R.  R.  R..  opposite 
lower  end  of  Campbells  Island  and  about  1  mile  north  of  Castle¬ 
ton  Station. 

At  Greenbush,  N.  Y . 

A  cross  cut  on  the  northwest  side  of  the  northeast  corner  of 
stone  foundation  of  old  grist-mill  near  the  river  at  the  foot  of 
and  on  the  south  side  of  Second  avenue,  established  by  the 
United  States  Coast  ana  Geodetic  Survey  in  1857,  and  is  known 
as  the  Greenbush  Bench  Mark. 


13.20 


-2. 89 


10.25  +  .69 


9.16  —3.73 

8.71  -1.69 


7.75  +3.07 

6.80  —1.07 


& 

® 


s* 

jjti 

a'-*3 

W 


11.84 

15.42 

11.00 

13.04 


17. 80 


13.66 


14.73 


BENCH  MARKS  ON  THE  EAST  SIDE  OF  THE  HUDSON  RIVER,  BETWEEN  GREENBUSH 

AND  TROY,  N.  Y. 


At  Greenbush,  N.Y . . . . . 

14.73 

See  description  above. 

At  Rensselaer,  N.  Y.. . . . . .  ..  . 

1.38 

+7.  48 

09  9J 

A  cross  cut  in  stone  on  southwest  corner  of  foundation  of 
water  tank  at  the  south  end  of  viaduct  on  which  Broadway, 
Rensselaer,  crosses  the  N.  Y.  C.  and  H.  R.  R.  R. 

Near  Batli-on-the-Hudson  .  ; . . . 

2. 69 

+6.59 

21.32 

Center  of  square  cut  in  top  stone  at  the  northeast  corner  of 
stone  culvert  under  the  N.  Y.  C.  and  H.  R.  R.  R.,  about  1,000 
feet  north  of  Bath  Dvke  Light. 

Near  Troy,  N.Y . .  . 

3.98 

+4.42 

19. 15 

A  cross  cut  in  top  stone  of  northwest  corner  of  culvert  under 
the  N.  Y.  C.  and  H.  R.  R.  R.,  about  300  feet  north  of  Covills 
Folly  Light. 

At  Trov.  N.Y .  . . . . . . .  . .  . 

6.10 

+9. 96 

24.69 

A  cross  cut  in  the  north  end  of  stone  doorsill  at  the  south  end 
of  the  east  side  of  the  Trojan  Warehouse  of  the  Fuller  &  War¬ 
ren  Co.,  on  the  northwest  corner  of  Monroe  and  River  streets, 
Troy,  N.  Y. 

At  West  Troy,  N.  Y  .  .  .  .  . . . 

7. 06 

+7.36 

22.09 

A  cross  "marked  "  B.  M."  on  second  stone  of  second  course  on 
northeast  corner  of  west  abutment  of  Congress  Street  Bridge  at 
West  Troy,  N.  Y. 
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Part  I— Continued. 

BENCH  MARKS  ESTABLISHED  IN  THE  MOHAWK  VALLEY.  WOOD  CREEK  VALLEY, 
ON  THE  NORTH  8IDE  OP  LAKE  ONEIDA,  AND  ALONG  THE  ONEIDA  AND 
OSWEGO  RIVERS  BETWEEN  TROY  AND  OSWEGO,  N  Y. 


Description  <>f  location. 


At  VmI  Troy,  N  V  . 

A  cross.  marked  •' B  M  ."on  second  stone  of  second  course  on 
northeast  corner  of  wont  Abutment  of  Congress  Street  Bridge, 
nt  Went  Troy,  N.  Y. 

At  Waterford,  N.  Y  ...  . 

A  crow  foot  on  the  wiuthwi'st  corner  of  Bridge  tent  on  the 
north  ahntnient  of  the  I >e la  ware  and  Hudson  R.  R.  Bridge  over 
the  Fourth  Branch  of  the  Mohawk  River. 

At  i 'ohoea,  N.  Y  .  . 

Ton  of  o  ining  in  southwest  corner  of  east  wall  of  went  lock 
No  15  of  tlie  Erie  Canal.  This  liench  mark  correspond*  to 
United  States  Lake  Survey  liench  mark  No.  sa:  elevation.  Inn. it* 

At  CoIiim-h,  N.  Y  .  . 

A  *i|uare  cut  on  south  corner  of  door-lll  of  house  at  No  1 
Mohawk  street.  Cohoes,  N  Y. 

A  t  l  ohm  s,  ^ .  \  .  .....  .......  .. 


A  crow  foot  on  the  northeast  corner  of  coping  on  retaining 
wall  on  the  east  Link  of  the  hydraulic  canal  and  on  the  west 
end  of  Cohoes  Falls. 

Near  Cohoes,  N.  V  . . . .  . .  ...  .  . 

A  square  i  ut  on  the  southwest  corner  of  top  stone  on  the 
southern!  of  Breakwater  above  the  Cohoes  Water  Co.  ‘a  gate¬ 
house  and  near  the  western  end  of  this  company's  dam 
Near  *  ■  dme*  N  5  ...... 


The  highest  jMiint,  marked  "B  M  of  iurner  stone  on  the 
southeast  face  of  the  southeast  corner  of  tile  south  wingof  the 
east  abutment  of  Bridge  over  the  Erie  Canal  nls.ut  5.rt«i  feet 
south  of  the  southern  end  of  the  Lower  Mohawk  aqueduct 
This  I  louch  mark  e«  rrcsjiond*  to  the  United  States  Lake  Survey 
liench  mark  No.  Bn,  elevation  1KH6 

Near  Crescent,  N.  Y  .  ..  .  ..  .. 

A  cr  ss  in  circle  cut  in  south  corner  of  coping  stone  on  south 
wing  of  northeast  aBu t men t  of  second  Bridge  over  the  Erie 
Canal  south  of  tlie  Lower  Mohawk  aqueduct,  and  ntsmt  3,311 
feet  south  of  the  southern  end  of  this  aqueduct. 

At  ( 'r<-».  .  lit,  N  V  .  . 

A  cross  cut  in  circle  on  top  of  coping  on  the  southwest  corner 
of  the  southwest  wing  of  the  Lower  Mohawk  aqueduct,  and 
cor n  s| Minds  to  the  New  York  State  survey  Lun-h  mark  No.  50. 

At  Dunahaob  Perry,  NY  . 

On  the  southeast  corner  of  Bottom  atone  of  doorstep  on  south 
side  of  house,  alsiut  3«i  feet  south  of  south  end  of  Bridge  over 
tin*  Mohawk  River 
At  N  lakayuna,  NY  ....... 

A  cross  out  ou  corner  of  top  stone  of  foundation  on  the  south 
west  corner  of  the  depot  of  Troy  and  Schenectady  Branch  of 
N  Y  C.  and  H  R  R  R  at  Nlskayuna 

Near  Visobers  Ferry,  N.  Y  . . . 

On  north  corner  of  north  stone  of  northeast  end  of  culvert 

No.  :C,  on  Troy  and  Schet . tady  Branch  of  N  Y  C.  and  H  R. 

R  R.,  alsiut  1  mile  west  of  Vischers  Ferry. 

Near  Aqueduct  Station.  N  Y  .  .  . 

A  cross  cut  inaoutheast  cornel  of  capstone  of  culvert  No.  m 
on  the  Troy  and  Schenectady  Branch  of  the  N.  Y.  (\  and  H  R 
R.  R  .  ali  mt  d.(««)  feet  east  or  railroad  station 

At  Aqueduct  Station,  N  Y  . . 

A  square  cut  in  extreme  west  corner  of  step  under  ladies' 
ontrunce  to  the  railroad  station  of  the  Troy  and  Schenectady 
Branch  of  the  N  Y.  C.  and  H  R  R.  R 

Near  Aqueduct  Station.  N.  Y . 

The  extreme  southeast  corner  of  top  of  keystone  of  bridge 
No.  44  of  the  Troy  and  Sehenectadv  Branch  of  the  N.  Y.  C.  and 
H.  R.  R.  R.,  about  3, UUU  feet  west  of  railroad  station. 
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Part  I— Continued. 

BENCH  MARKS  ESTABLISHED  IN  THE  MOHAWK  VALLEY,  ETC.— Continued. 


Description  of  location. 


At  Schenectady,  N.  Y . . . J 

A  square  cut  on  the  southwest  end  of  the  top  of  the  south 
west  coping  stone  of  culvert  No.  47  of  the  Troy  and  Schenec¬ 
tady  Branch  of  the  N.  Y.  C.  and  H.  R.  R.  R.,  opposite  the 
Schenectady  Locomotive  Works  and  about  401)  feet  east  of 
Romeyn  street  crossing. 

At  Schenectady,  N .  Y . . .  - . I 

A  cross  cut  on  the  southeast  corner  of  foundation  stone  of 
the  northwest  column  of  the  Church  Street  Bridge  over  the 
Erie  Canal. 

Near  Schenectady,  N.  Y . - . . . .  .  . . 

On  northwest  corner  of  top  of  north  stone  in  third  course  of 
the  east  abutment  of  bridge  No.  63  over  Erie  Canal,  about 
1}  miles  west  of  Rotterdam  Street  Bridge  at  Schenectady. 

Between  Schenectady  and  Rotterdam  Junction,  N.  Y . . 

A  square  cut  on  the  east  corner  of  the  northwest  end  of  the 
sou  ih west  wall  of  northeast  lock  of  lock  No.  24  of  the  Erie 
Canal,  about  3,000  feet  west  of  the  Schenectady  waterworks. 

Between  Schenectady  and  Rotterdam  Junction,  N.  Y . . 

A  square  cut  on  the  north  corner  of  the  bottom  stone  step  at 
the  east  corner  of  brick  house,  about  700  feet  east  of  the  Erie 
Canal  aqueduct,  which  is  about  2  miles  east  of  Rotterdam  Junc¬ 
tion.  N.  Y. 

At  Rotterdam  Junction,  N.  Y  . . . . . . . 

An  arrow  cut  on  the  north  corner  of  projecting  course  of 
brick  on  the  north  corner  of  brick  house,  about  700  feet  east  of 
lock  No.  25  of  the  Erie  Canal,  and  about  150  feet  south  of  the 
schoolhouse. 

Between  Rotterdam  Junction  and  Pattersonville,  N.  Y . . .  . 

A  square  cut  in  the  coping  stone  west  of  the  center  and  on 
the  north  edge  of  coping  on  the  north  end  of  culvert  under 
highway,  about  1.600  feet  east  of  railroad  bridge  over  the  Mo- 
hawk  River,  which  is  about  1  mile  east  of  Pattersonville,  N.  Y. 

At  Pattersonville,  N.  Y . - . 

A  square  cut  on  northeast  corner  of  large  square  stone  under 
foot  of  flight  of  steps  on  southwest  corner  of  coal  shed,  oppo¬ 
site  Pattersonville  Hotel,  and  about  300  feeteastof  West  Shore 
R.  R.  station. 

Near  Cranesville,  N.  Y . . . — 

Top  of  east  corner,  marked  "B.  M.,”  of  south  wall  of  north 
lock  of  lock  No.  26  of  Erie  Canal.  This  corresponds  to  bench 
mark  No.  21  of  the  United  States  Lake  Survey,  elevation  264.23. 

Near  Amsterdam,  N.  Y . - . . 

A  sauare  cut  on  the  northeast  corner  of  the  west  abutment 
of  bridge  No.  238  of  the  West  Shore  R.  R.,  about  9,00 )  feet  east 
of  bridge  over  the  Mohawk  River  at  Amsterdam,  N.  Y. 

At  Amsterdam,  N.  Y . . . . . . . 

A  square  cut  in  the  top  of  the  north  corner  of  the  northwest 
abutment  of  bridge  No.  243  of  the  West  Shore  R.  R.,  crossing 
Chuctenunda  Creek  at  Amsterdam,  N.  Y. 

Near  Akin,  N.  Y  . . . . . . . . . 

A  cross  cut  in  top  of  iron  bolt  in  coping  on  east  wall  between 
the  two  locks  of  lock  No.  26  of  the  Erie  Canal.  This  corre¬ 
sponds  to  bench  mark  No.  24a  of  the  United  States  Lake  Sur¬ 
vey,  elevation  280.43. 

Near  Port  Hunter,  N.  Y... . . . .  . . 

A  square  cut  on  the  east  corner  of  the  coping  on  the  south¬ 
west  end  of  the  northwest  abutment  of  first  bridge  over  the 
Erie  Canal  east  of  lock  No.  29,  and  about  1  mile  east  of  Fort 
Hunter. 

At  Fort  Hunter,  N.  Y . . . . 

A  square,  marked  “B.  M. .”  cut  on  lower  course  of  the  extreme 
southwest  corner  of  the  northwest  side  of  the  Erie  Canal  aque¬ 
duct  over  Schoharie  Creek. 

Near  Auriesville,  N.  Y . . . 

A  square  cut  on  the  west  end  of  west  wing  wall  of  north  abut¬ 
ment  of  bridge  over  the  Erie  Canal,  about  2,000  feet  west  of 
West  Shore  R.  R.  station  at  Auriesville. 


Distance  from  United 
States  Coast  Survey 
bench  mark  at  Green- 
'  bush,  N.  Y.,in  miles. 

c  ,J1 

jja 

©  S 
>  9 

i5 

Cw 

4-3 

Elevation  above  mean 
tide  at  New  York. 

30. 70 

226. 34 

211.07 

31.53 

218.  94 

2  53. 67 

33. 41 

221.00 

235. 73 

34. 77 

228. 54 

243. 27 

36. 00 
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251.37 
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252. 54 

39. 77 

233.11 

247. 84 

41.00 

257.53 

272.26 

44.86 

249. 63 

254. 36 

46. 11 

266. 56 

281. 29 

48. 06 

264. 98 

279. 71 

50. 45 

265. 86 

280. 59 

52. 19 

268. 46 

283. 19 

53.27 

284. 95 

299.68 

54. 97 

288. 79 

303. 52 
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Part  I— Continued. 

BENCH  MARKS  ESTABLISHED  IN'  THE  MOHAWK  VALLEY,  ETC.— Continued. 


Description  of  location. 


Xear  Fultonville.  N.  Y  . . .  -  - . iv*".; 

A  l>otnt  cut  on  the  . . >f  the  most  westerly  "tone.  atsjut  J 

f...«t  from  the  corner,  of  the  first  rout*  of  the  west  win*  wall 
of  the  north  abutment  of  bridge  over  the  Erie  Canal.  The 
bridge  is  the  third  east  of  the  Main  Street  Bridge  at  Fulton- 
ville.  and  is  about  7.IUI  feet  from  this  bridge 

At  Fultonville,  N  Y  ,  , v 

A  square  cut  on  the  top  of  projection  on  t  he  face  <>f  the  fourth 

stone  of  then . nd  course  on  the  west  end  of  tiie  north  abut 

went  of  the  first  bridge  mer  the  Erie  Canal  west  of  the  Main 
Street  Bridge  at  Fultonville  X  V. 

Between  Fultouvlllo  and  YateevUle  N  \  -«••> 

A  projecting  point  on  the  upper  west  c  irner  on  the  face  »r  | 
the  second  atone  from  the  west  comer  of  the  west  wing  wal. 
of  the  north  abutment  of  the  first  bridge  crowing  the  Erie 
Canal  east  of  the  Erie  Canal  nqueduct,  alsjut  3  miles  w<-st  of 
Fultonville,  X  Y 

Xear  Downing  Station.  X  Y 

The  top  of  small  projection  on  tin- first  course  of  inusour) . 
at  tile  angle  of  the  east  wing  wall  with  the  face  of  the  north 
abutment,  on  the  first  bridge  over  the  Erie  Canal  east  of  Down¬ 
ing  station,  X  Y. 

Near  Downing  ‘  tution.  X  Y  -----  . .  .  --••••:- 

A  square  ent  on  the  southwest  cornerof  coping  on  Erie  t  anal 
aqueduct,  about  H  #«•  le  t  west  of  station  of  West  Shore  K  H. 
at  Downing.  N.  Y. 

Between  Downing  and  Sprukers.  X  5  v  , 

A  iiiiinro  cut  on  the  northeuat  txirt  «*f  the  northwest  wing  of 
the  north  wall  of  the  second  Erie  Canal  aqueduct.  we»t  of 
Downing  Station.  X  Y..  and  about  2  miles  from  this  station 

Near  Sprukers,  X  \  .  ••  . . • . ,- 

A  |H)int  on  the  face  of  the  second  stoue  from  the  east  eno 
in  the  first  course  of  the  east  wing  of  the  north  abutment  of 
the  first  bridge  over  the  Erie  Canal  east  of  lock  No.  :il  a; 
Sprukers.  N.  V. 

Near  Sprukers.  X  Y  .  ------  „ 

A  Hi|uare cut  on  tin*  uiulcitaof  th©  fa**** of  th©  rtrnt  Htone 
the  east  end  in  the  first  eoiirse  of  the  east  wing  of  the  tn.rtli 
abutment  of  the  third  bridge  over  the  Erie  Canal  west  of  t ln- 
Erio  Canal  aqueduct  at  Sprakcrs,  X.  Y.,  and  al*>ut  1  mile  from 
this  aqueduct. 

At  i tanajoharle,  X  Y 

A  croaa  cut  oil  the  corner  of  stone  at  the  east  corner  or  the 
second  course  of  stones  from  the  top  on  the  south  face  of  tin¬ 
stone  foundation  of  the  old  Iwrn  near  the  ujqs  r  footbridge 
across  tin-  Erie  Canal  at  Canajoharie,  X  Y.  This  corresponds 
to  bench  mark  Xo.  :il  of  tiie  Cnited  States  laike  Survey,  eleva¬ 
tion  #17.01. 

Near  Fort  Plain,  N.Y. ...........  , 

A  point  dressed  square  on  the  top  of  tiie  east  corner  or  tin- 
second  course  of  masonry  of  the  aontln-ast  wing  of  tin*  north¬ 
east  abutment  of  the  first  bridge  over  the  Erie  Canal  east  of 
the  steel  skew  bridge  of  tl«e  West  Shore  R.  H.  at  Fort  1'lalu, 
X.  Y. 

At  Fort  Plain,  N.Y .  - 

On  tiie  extreme  south  corner  of  the  southeast  cajistone  at 
the  end  of  southeast  wing  of  the  northeast  abutment  of  the 
first  bridge  over  the  Erie  Canal  west  of  tin*  River  Street 
Bridge  at  Fort  Plain.  N  Y. 

Near  St.  Johnsville,  X.  Y  . .  . --■ 

A  square  cut  on  tin-  s  .nth  corner  of  the  capstone  of  the  south¬ 
east  wing  wall  of  the  northeast  abutment  <>f  tin-  first  bridge 
over  the  Erie  Canal  east  of  lock  Xo.  HH.und  altout  1(  miles  east 
of  St.  Johnsville. 

Near  St.  Johnsville .  X.  Y 

A  i* lint  in  hollow-  of  face  of  the  second  stone  in  the  second 
course  of  the  east  wing  of  the  north  abutment  of  the  first 
bridge  over  the  l.rie  Canal  east  of  the  St  Johnsville  station  of 
the  West  Shore  H  R.  This  corresponds  with  bench  mark  No. 
IH  of  the  United  Stutes  Lake  Survey,  elevation  It*). 
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Part  I — Continued. 

BENCH  MARKS  ESTABLISHED  IN  THE  MOHAWK  VALLEY,  ETC.— Continued. 


Description  of  location. 

Distance  from  United  | 

States  Coast  Survey 

bench  mark  at  Green-  1 

bush,  N.  Y.,  in  miles. 

Elevation  above  bench  | 
mark  at  Greenbush,  | 
N.  Y. 

Elevation  above  mean 
tide  at  New  York. 

At  Mindenville,  N.  Y . . . _ . 

On  the  southeast  corner  of  the  bottom  step  of  the  east  wing 
wall  of  the  north  abutment  of  the  first  bridge  crossing  the 
Erie  Canal  east  of  lock  No.  34. 

80. 82 

308.(1 

322. 74 

Near  Mindenville,  N.  Y _ _  _  . 

The  top  of  the  projecting  point  of  stone  ill  the  second  course 
of  the  northwest  wing  of  the  north  abutment  of  the  third 
bridge  crossing  the  Erie  Canal  west  of  lock  No.  34  at  Minden¬ 
ville,  N.  Y.  This  corresponds  with  bench  mark  No.  35a  of  the 
United  States  Lake  Survey,  elevation  328.76. 

Between  Mindenville  and  Indian  Castle,  N.  Y _ _ 

A  square  cut  on  the  east  corner  of  the  end  stone  in  the  third 
course  of  the  southeast  wing  wall  of  the  northeast  abutment 
of  bridge  crossing  the  Erie  Canal  opposite  the  entrance  of  East 
Canada  Creek  to  the  Mohawk  River. 

81.84 

314.28 

329.01 

82.56 

314. 87 

329.60 

At  Indian  Castle,  N.  Y . . . 

A  square  cut  on  the  southeast  corner  of  the  most  easterly  cap¬ 
stone  of  the  short  retaining  wall  at  the  north  end  of  the  east 
wing  of  the  Erie  Canal  aqueduct  at  Indian  Castle,  N.  Y. 

84. 19 

321.00 

335. 73 

Between  Indian  Castle  and  Little  Falls.  JM.  Y _ 

A  square  cut  on  the  southeast  corner  of  the  capstone  on  the 
east  end  of  the  east  wing  wall  of  the  north  abutment  of  bridge 
crossing  the  Erie  Canal  at  a  point  about  600  l'eet  north  of  the 
Herkimer  monument. 

86. 84 

322. 92 

337. 65 

At  Little  Falls.  N.  Y  _ . . . . . .  ..... 

A  cross  cut  on  the  top  of  an  iron  bolt  in  the  coping  of  the  south¬ 
east  end  of  the  northeast  wall  of  the  northeast  lock  of  lock  No. 
36  of  the  Erie  CanaJ.  This  corresponds  to  bench  mark  No.  37  of 
the  United  States  Lake  Survey,  elevation  343  97. 

88. 51 

329.57 

344.30 

At  Little  Falls,  N.  Y _ _ 

A  square  cut  on  the  south  corner  of  capstone  on  the  southwest 
end  of  the  southwest  wing  of  the  northwest  abutment  of  bridge 
crossing  the  Erie  Canal  at  Bellinger  street.  Little  Falls,  N.  Y. 

89. 59 

363.58 

378. 31 

Near  Little  Falls,  N.  Y . . . . . . 

A  circle  cut  on  the  southeast  corner  of  capstone  on  the  east 
end  of  the  east  wing  of  the  north  abutment  of  second  bridge 
crossing  the  Erie  Canal  west  of  Bellinger  Street  Bridge  at  Little 
Falls.  N.  Y.  ' 

90. 73 

363. 89 

378. 62 

Between  Little  Falls  and  Herkimer,  N.  Y . . 

Top  of  coping  at  the  corner  of  the  west  wing  wall  of  the  north 
abutment  of  the  first  bridge  crossing  the  Erie  Canal  east  of  lock 
No.  40.  This  corresponds  to  bench  mark  No.  38a  of  the  United 
States  Lake  Survey,  elevation  378.77. 

91. 75 

'  364.34 

379.07 

Between  Little  Falls  and  Herkimer,  N.  Y _ _ _ 

A  cross  cut  on  the  top  of  the  end  bolt  through  the  north 
branch  of  iron  collar  of  the  northeast  gate  of  the  north  lock  of 
lock  N  o.  40  of  the  Erie  Canal. 

92.28 

3(37. 17 

381. 90 

Near  Herkimer,  N.  Y _ _ _  _  . . . 

A  square  cut  on  the  southeast  corner  of  capstone  on  the  east 
end  of  the  east  wing  wall  of  the  north  abutment  of  the  second 
bridge  over  the  Erie  Canal  east  of  lock  No.  41  of  the  Erie  Canal 
at  Fort  Herkimer. 

94.29 

370.86 

385. 59 

At  Herkimer,  N.  Y _  _ _ _ _ _ _ _ _ _ 

A  cross  cut  in  a  circle  marked  “  U.  S.  D.  W.  B.  M.”  on  the  top 
of  the  masonry  near  the  northeast  corner  of  the  north  abut¬ 
ment  of  tlie  First  Street  Bridge  at  Herkimer,  N.  Y. 

96. 39 

374.68 

389. 41 

Atllion,  N.  Y .  .  _ _ 

99.13 

372. 70 

387.43 

T<  >p  of  covering  stone  of  masonry  of  northwest  corner  of  cul¬ 
vert  at  southwest  wing  wall  of  the  south  highway  bridge  over 
the  Mohawk  River  at  lliou,  N.  Y. 

At  Frankfort,  N.  Y . . . . . . .  .  _ 

Top  of  the  northwest  corner  of  water  table  of  pilaster,  at 
West  Shore  R.  R.  roundhouse. 

101.26 

387. 92 

402. 65 

At  Frankfort,  N.  Y  ..... _ _ _ _ _ 

On  top  of  projection  of  stone  in  bottom  course  of  stones  on 
the  sou  theast  corner  of  the  northeast  abutment  of  the  first 
bridge  crossing  the  Erie  Canal  east  of  lock  No.  45  at  Frankfort. 
This  corresponds  to  bench  mark  No.  41  of  the  United  States 
Lake  Survey,  elevation,  419.24. 

101.66 

404. 85 

419.58 

1U22 
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BENCH  MARKS  ESTABLISHED  IN  THE  MOHAWK  VALLEY.  ETC.-Continued. 


Dercrlptlon  of  location. 


Between  Utica  and  Frankfort  . 

A  copper  nail  in  root  of  wild  cherry  tree  about  5oo  feet  south¬ 
east  of  inileiKc.t  2B»  from  Buffalo  on  N  Y.  C.audH.K  R  It. 

Rotwi  .  n  l  ti'  u  anil  Frankfort  . 

A  cooper  nail  in  root  of  tr.-e  als.ut  5o  feet  north  of  north  rail 
of  the N  YU  and  H  H  R.  K.  and  2>»fecteast  of  culvert  No.  4'.n. 
Near  Utica.  N  Y  .  . 

A  copper  nail  in  r.x.t  of  elm  tree  almut  .’Vi  feet  north  of  north 
luink  of  Mohawk  Rivernnd  almut  K»ife.-t  northeast  troinnortb 
end  of  railroad  bridge  over  Mohawk  River  on  the  Black  River 
Branch  of  the  N  Y  (  and  H  R  R  H 

At  <  hrlskanj  N  Y . 

A  copper  bolt  flush  with  mnaonry  on  southwest  corner  of 
northwest  coping  atone  of  wiiik  wall  of  cirisknny  aqueduct, 
and  markt  cl  "  B  M  It*  ”  * 

Between  Rome  and  (iriskany  . 

Top  of  tho  southwest  corner  of  the  stone  foundation  of  mile 
post  -hi  from  New  York  and  194  from  Buffalo  of  the  NY  (  and 
H  R.  R  R  .ai«mt  lj  miles  west  of  Oriskany  station. 

Between  Rome' and  Ortskany  . 

Toil  of  the  southwest  corner  of  the  east  abutment  of  bridge 
No  4(8  of  the  N.  Y.C.  and  H  R.  R  R.  Point  on  masonry  above- 
bridge  scut,  about  1  foot  below  top  of  rail  and  5  feet  south  of 
south  rail. 

At  Rome  .NY  ..... 

A  copper  nail  In  root  of  elm  tree  about  2>  feet  east  of  cast 
line  of  Lawrence  street.  Rome.  N  Y  and  nl«»ut  MO  feet  north, 
measured  along  street  from  center  of  bridge  crossing  the  old 
Erie  t  anal. 

At  Rome.  NY . 

Top  of  the  southeast  corner  of  the  mason rv  alsuit  I  fcs>t  1*- 
low  ton  of  rail  of  bridge  of  the  R  \V  ,*•  t>  R  R  .crossing  high 
w  ay  about  I  mile  West  of  Rome.  N  Y.,  near  the  Beet  Sugar 
Co.'s  buildings. 

Between  New  London  and  Bonn  N  Y 

A  cooper  null  in  not  of  elm  tree  on  the  south  aide  of  tin- 
angle  in  the  highway,  and  stout  .Vo  feet  e  ist.  measured  along 
the'  highway  from  the  east  side  of  the  house  of  Mark  Thr.  ii 

At  New  London,  N.  Y .  .  . 

A  cotiper  nail  inr«.tof  lurge  elm  tree  in  highway,  about  TF» 
feet  south  of  the  intersection  of  highways:  iiN.  .  almut  I.ufto  feet 
south  of  highway  bridge  crossing  Wood’  t  'reek 
Between  Sylvan  Beach  and  New  London  . 

A  copjMT  nail  In  south  nx>t  of  small  tree  in  south  coruer  of 
wooi.s  on  the  property  of  W  Warner,  iilsmt  nii  feet  east  of 

Drum  <  . . .  and  almut  s i  feet  west  of  east  line  of  t  ho  W .  W»r 

ner  pr . rty. 

Near  >\  .ii  1  !•  ii.'li,  N.  Y  . 

A  copper  nail  in  resit  of  tree1  ulx.ut  10  feet  east  of  east  right- 
of-way  line,  r  tin-  N  Y.,»*.  «St\V  R  R..  and  uliout  l.tQifeet  south 
west,  men  nred  along  the  railroad  from  the  south  end  of  the 
,  railroad  bridge  crossing  Fish  (  n-ek,  almut  one-half  mile  east 
of  Sy  1\  an  B.-u.-h,  N.  Y. 

Near  North  Eay,  N.  Y .  .  .  . . 

A  co.  per  nail  in  r.x.t  of  oak  tree  -  feet  in  diameter  1-  fe.-t 
n..r:li  or  north  right  of  way  line  >.f  N  Y  ,  (>  and  W.  R  R.  and 
1.1*5  feet  east  of  mile]H>st  marked  “279." 

Cleveland.  X.  Y  . 

A  eon,  ir  nail  i.i  r.x.t  of  map.-  tree  2  feet  Indiameter  IWteet 
west  or  s.  con.  I  highway  crossing  the  N  Y  OandW  R  H  west 
of  railr.sid  siding  and 640  te  t  west  ot  milepost  murked 

Near  Constsntia.  N.  Y  .  .  . 

A  copper  nail  in  root  of  chestnut  t.-ce  2  teet  in  diameter  15 
f.-et  nortli  or  north  right-o.  way  line  c  f  tin-  N.  Y..O.  and  W. 
K.  R.  and  .‘i<5  l.-et  <»ast  of  railroad  and  highway  intersection 
about  one-half  mile  west  of  (  oust  an  tin  Huilroud  Station. 

At  Brewerton,  N  Y  . 

A  copper  nail  in  root  of  elm  tree  on  the  north  l  ank  of  the 
Oneida  River  uliout  oue-half  mile  cast  of  the  highway  bridge 
uml  about  150  feet  southeast  of  the  house  of  Dr.  Oborlander. 
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;n«.no 

411.63 

188.  91 

:i59. 22 

373.96 

DEEP  WATERWAYS. 


1023 


Part  I — Continued. 

BENCH  MARKS  ESTABLISHED  IN  THE  MOHAWK  VALLEY,  ETC.— Continued. 


Description  of  location. 


Near  "High  Banks,"  south  of  Caughdenoy,  N.  Y  . . . . 

A  copper  nail  in  root  of  elm  tree  on  the  east  bank  of  the 
Oneida  River  and  on  the  west  side  of  the  highway  about  850 
feet  northerly,  measured  on  highway,  from  wooden  bridge  over 
Black  Creek. 

On  Sand  Ridge . . . . . . - . 

A  copper  nail  in  root  of  elm  tree  on  property  line  between 
J.  Ray  and  C.  Breshnalian  and  about  1,(  00  feet  westerly  of  high¬ 
way,  measured  along  property  line. 

Between  Ingalls  Crossing  and  Sand  Ridge _  _ _ 

Top  of  masonry  of  northwest  corner  of  south  abutment  of 
highway  bridge  crossing  Bell  Creek  about  250  feet  southeast 
of  house  of  G.  Hollenbeck. 

Near  Ingalls  Crossing . . . .  . . 

A  copper  nail  in  root  of  tree  about  20  feet  north  of  north 
right  of-way  line  of  N.  Y,  O.  and  W.  R.  R.  and  about  20  feet  west 
of  line  fence  between  Chapman  estate  and  A.  Wolever;  also 
about  3,400  feet  west  of  west  head  block  of  siding  at  Ingalls 
Crossing. 

At  Phoenix.  N.  Y. . . . 

A  copper  nail  in  root  of  oak  tree  located  about  750  feet  south- 
wesr  in  the  direction  of  highway  from  the  intersection  of  high- 
ways  about  200  feet  east  of  bridge  over  Brandy  Brook  and 
about  150  feet  southeast,  at  right  angles  to  highway,  irom  this 
highway;  also  about  450  feet  north  of  north  edge  of  Oswego 
Canal. 

At  Hinmanville,  N.  Y . . 

Copper  bolt,  flush  with  masonry,  between  anchors  on  lower 
hollow  quoin  (towpath  side  )  of  lock  No.  0,  Oswego  Canal. 

Between  Fulton  and  Hinmanville,  N.  Y .  .... 

Copper  bolt,  flush  with  masonry,  between  anchorson  middle 
hollow  quoin  (towpath  side)  of  lock  No.  7,  Oswego  Canal. 

At  Fulton,  N.  Y . __ . . . . . . . . 

Copper  bolt,  flush  with  masonry,  on  first  step  of  south  wing 
wall  of  east  abutment  of  highway  bridge  on  North  First  street. 

Between  Minettoand  Fulton . . . . 

Copper  bolt, flush  with  masonry,  between  anchors  on  middle 
hollow  quoin  (towpath  side)  of  guard  lock  No.  4,  OswegoC'anal. 

At  Minetto,  N.  Y . . . . . . 

Copper  bolt,  flush  with  masonry,  between  anchors  on  north¬ 
east  lower  hollow  quoin  (towpath  side)  of  lock  No.  13,  Oswego 
Canal. 

Between  Oswego  and  Minetto,  N.  Y . . . . . 

Copper  bolt,  flush  W'ith  masonry,  between  anchors  on  north¬ 
east  lower  hollow  quoin  (towpath  side)  of  lock  No.  15,  Oswego 
Canal. 

At  Oswego,  N.  Y . 

Top  of  iron  bolt  in  top  of  masonry  of  old  Government  pier  at 
the  foot  of  West  Third  street,  0.5  foot  from  east  face  of  pier.  3.5 
feet  north  of  north  line  of  wooden  dock  leading  to  boathouse. 
Bolt  is  sunk  one  half  inch  below  top  of  masonry,  and  the  letters 
“U.  S.  ’are  obliterated  by  fresh  masonry.  This  corresponds 
to  benchmark  “A”(Oswego)  of  the  United  States  Lake  Survey, 
elevation  251.96. 


Distance  from  United 

States  Coast  Survey 

bench  mark  at  Green- 

bush,  N.  Y.,  in  miles. 

g® 

is 

c3 

O  * 

bn 

cs 

Elevation  above  mean 

tide  at  New  York. 

167. 97 

353. 70 

36S.  43 

169. 70 

370.48 

385. 21 

176.7 

362. 59 

377. 32 

179.7 

362. 09 

376.82 

173. 34 

344.26 

358.99 

176.31 

346. 89 

361. 62 

178.64 

339. 73 

354. 46 

184.01 

308. 69 

323.42 

186. 64 

298. 26 

312. 99 

ISO.  78 

287.50 

302.23 

191.96 

272.90 

287.63 

194. 92 

238. 12 

252. 85 

BENCH  MARKS  FROM  WATERFORD,  N.  Y„  TO  PORT  HENRY,  N.  Y.,  ALONG  HUDSON 
RIVER,  D.  &  H.  C.  CO.’S  R.  R„  AND  LAKE  CHAMPLAIN. 


At,  Waterford.  N.  Y  _  .  . . .  ______ 

12.1 

15. 89 

30.62 

Bench  mark  is  an  arrow  cut  on  southwest 
seat  of  north  abutment  of  D.  and  H.  R.  R. 
fourth  branch  of  Mohawk  River. 

At,  Waterford.  N.  Y  _  .  . 

corner  of  bridge 
bridge  over  the 

12.6 

21.84 

•  36.57 

Bench  mark  is  a  square  cut  on  south  end  of  stone  doorsill 
west  entrance  of  D.  and  H.  Canal  Co.’s  R.  R.  passenger  depot. 
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Part  I — Continued. 

BENCH  MARKS  FROM  WATERFORD,  N.  Y..  T<  >  PORT  HENRY.  N  Y..  ETC.— Conttnnod. 


DeurriliUnn  of  location. 


3.5  mile <  north  of  Waterford  . .  . .  . 

Bench  mark  h  w|U»ri>  cat  In  east  ••ml  of  stone  window  sill 
of  wfflt  cellar  window  on  south  side  of  George  S.  Force*  rood 
bourn.  Building  is  on  en»t  aide  of  Waterford  and  Whitehall 
turnplk" road. 

Ma  hanicTlU®  .  ..... 

Bench  mark  i*  a  square  cut  on  north  end  of  stone  window  sill 
of  the  moat  northerly  window  on  went  fare  of  Hudson  River 
Power  Transmission  C’o.'a  power  house 

Mechanic?  Ule  .... 

Square  cut  in  surface  of  concrete  masonry  of  sluice  gates  near 
southwest  corner  of  same  ami  at  west  end  of  weir  of  H  R  I*  T. 
Co.  'a  dam. 

Mechanic?  tile 

Bench  mark  iaat|uare  cut  near  south  end  of  sill  of  lutsctncnt 
window  between  tower  and  main  entrance  of  Presbyterian 
church,  on  Main  street 

M  echntiicvillc 

Notch  cut  on  angle  of  atone  water  table  northeast  corner 
of  main  budding  of  Methodist  Episcopal  Church.  Main  street 

Mechanic  v  1  ’  le  . 

Square  cut  on  north  end  of  stone  doorsill  of  south  door  on 
west  front  of  chipping  mill  at  Duncan  Co.'s  pulp  and  paper 
mills. 

Between  MochanlcvlUc  and  Stillwater 

Bench  mark  is  bead  of  holt  at  Imm<  of  first  south  column  just 
east  of  electric  railroad  tracks  at  west  end  of  Fitchburg  R.  K 
bridge  crossing  Hudson  River. 

Stillwat.-r 

Is  square  cut  on  large  flat  stone  step  at  entrance  of  First 
Methodist  Episcopal  Church.  Square  is  on  south  end  of  stone 

Between  Stillwater  and  Hohagtieoke  ... 

Bench  mark  is  a  spike  in  ts-tieh  cut  In  r<s»t  on  west  side  ot  elm 
tree  The  tree  isoti  the  right  Imtik  of  the  lloosiek  River,  alxuit 
2ui  feet  from  water’s  edge  in  main  channel  and  ul*>ut  feet 
downstream  from  the  mouth  ot  the  Tourbannock  Creek 

Bemla  Heights 

Is  toji  of  Iron  Isilt  leaded  111  southeast  corner  of  ton  atone  at 
north  abutment  of  slulei*  gate  of  <  'hinnplain  Canal.  Slnice 
gate  is  near  iron  truss  canal  bridge  No.  30. 

B  -ibis  Heights 

Bencli  mark  is  square  cut  on  s.  nitliwest  corner  of  stone  in 
lower  course  of  sou.h  end  of  east  abutment  of  Iron  truss 
canal  bridge  No  IBl  ami  nltout  5,lMlfeet  nortli  of  Betnia  Heights. 

Wilbur  a  basin  . 

Bench  mark  is  sciuare  cut  on  southwest  corner  of  atone  at 
north  end  of  semicircular  coping  on  stone  work  <>f  outlet  of 
ba-iu 

Between  Wilbur's  Basin  and  ( 'oveviile .  .  . . . 

Bench  mark  is  a  circle  painted  with  red  taiint  ou  northeast 
corner  of  ton  stone  on  east  end,  north  abutment  of  sluice  gate 
on  Champlain  Canal.  1.7  miles  north  of  Wilbur’s  Rasim  estnb 
listed  by  United  States  Geological  Purvey. 

Coveville . .  . 

Is  circle  cut  on  northeast  corner  of  east  stone  ot  second 
course  aliove  surface  of  ground,  south  abutment  of  Champlain 
Canal  bridge  No.  54.  Bridge  is  alsmt  1,1*11  feet  east  of  Cove¬ 
ville  post-i  iftice. 

Schuylerville  .  . 

Bench  mark  is  a  circle  cut  on  northeast  corner  of  north  atone 
of  third  oourse  from  ground  of  north  wing  wall  of  cast  abut¬ 
ment  of  canal  bridge  No.  Oh.  Ferry  street.  Schuylerville. 

BohuylerviBe  ...  . 

Bench  mark  is  a  square  cut  on  southeast  corner  of  stone  south 
end  of  second  course  of  masonry  above  water  surface  of  south 
wing  wall  west  abutment  Champlain  Canal  bridge  No.  02.  This 
bridge  is  on  the  road  leading  to  new  iron  bridge  over  Hudson 
River. 
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Part  I — Continued. 

BENCH  MARKS  FROM  WATERFORD,  N.  Y„  TO  PORT  HENRY,  N.  Y„  ETC.— Continued. 


Description  of  location. 

Distance  from  United 

States  Coast  Survey 

bench  mark  at  Green- 

bush,  N.  Y.,  in  miles. 

Elevation  above  bench 

mark  at  Greenbush, 

N.  Y. 

Elevation  above  mean 
tide  at  New  York. 

Northumberland- . . . . . . . . . 

39. 0 

95. 34 

110.07 

Bench  mark  is  square  cut  in  southeast  corner  of  south  stone 
of  top  course  of  masonry  at  south  end  of  east  wall  of  lock  No. 
10,  Champlain  Canal. 

Fort  Miller  . . . . . . . . 

41.8 

109. 48 

124.21 

Bench  mark  is  square  cut  on  south  end  of  stone  sill  to  south 
window  in  front  of  brick  blacksmith  shop  on  east  side  of  high¬ 
way  along  east  bank  of  Hudson  River  and  about  1,700  feet  north 
of  Thorp  &  Wegman's  pulp  mill. 

Moses  Kill . . . . . . 

45. 0 

128.14 

142. 87 

Bench  mark  is  a  square  cut  in  northwest  corner  of  north 
stone  in  second  course  above  ground  of  west  abutment  of  Cham¬ 
plain  Canal  bridge  just  north  of  aqueduct. 

Snook  Kill  . . . . . . . . 

47.1 

128.20 

142. 93 

Bench  mark  is  a  square  cut  in  northeast  corner  of  north 
stone  third  course  above  ground  west  abutment  of  canal  bridge 
across  the  river  from  and  about  600  feet  south  of  the  mouth  of 
Snook  Kill. 

Fort  Edward . . . . . . 

49.8 

130.80 

145. 53 

United  States  Geological  bench  mark  is  a  nickel  plate  about 

5  inches  diameter  set  in  wall  north  side  of  west  entrance  of 
high-school  building. 

Dunham’s  Basin .  . 

53.2 

131.95 

146.68 

Bench  mark  is  square  cut  in  northwest  corner  of  west  stone 
of  the  top  course  of  masonry  of  south  abutment  of  plate-girder 
bridge  carrying  D.  &  H.  R.  R.  over  canal  overflow  about  600 
feet  south  of  highway  crossing. 

Smith's  Basin . . . . . . . 

57.7 

127. 81 

142.54 

'  Bench  mark  is  square  cut  on  northwest  corner  of  west  stone 
of  top  course  of  masonry  of  south  abutment  of  small  plate- 
girder  bridge  on  D.  &  H.  R.  R.  bridge  just  north  of  railroad 
station. 

Fort  Ann . . . 

62.0 

125.63 

140.36 

Bench  mark  is  a  cross  chiseled  in  the  coping  of  parapet  wall 
to  north  abutment  of  D.  &  H.  R.  R.  bridge  across  Wood  Creek. 
Cross  is  near  north  edge  of  stone  and  directly  opposite  space 
between  the  two  bridges. 

Comstock’s  post-office . _ . 

65.1 

117.35 

132.08 

Bench  mark  is  square  cut  in  southeast  corner  of  south  stone 
of  coping  of  culvert  and  on  east  side  of  roadbed  of  D.  &  H.  R.  R. 
about  2,800  feet  south  of  station. 

Between  Comstock’s  post-office  and  Whitehall.. . . . . 

68.1 

119.93 

134.66 

Bench  mark  is  a  square  cut  in  southeast  corner  of  stone 
south  abutment  of  D.  &  H.  R.  R.  bridge  over  Champlain  Canal 
on  west  side  at  north  end  of  plate  girder,  where  it  connects 
with  middle  truss  of  bridge. 

Whitehall  _  . .  . .  . . 

72.3 

108. 96 

123.69 

Bench  mark  is  a  square  cut  on  east  stone  top  course  of  south 
abutment  canal  sluice  1,100  feet  south  of  bridge  of  Rutland 
Branch  D.  &  H.  R.  R.  over  canal. 

Whitehall..  . .  .  _  ..  .  ..  . 

73  2 

79.82 

104.55 

United  States  Coast  and  Geodetic  bench  mark  No.  36  is  a 
circle  cut  on  west  wall  of  lower  lock  just  north  of  hollow  quoin 
of  lower  gate  and  marked  “U.  S.  Coast  Survey  Elev.;  104.71.” 
Whitehall . .  . . . 

74.7 

93.40 

108. 13 

Is  square  cut  on  shelf  of  rock  about  1  foot  above  ground  in 
east  side  of  second  rock  cut  north  of  the  town  near  the  middle 
of  the  cut.  The  rock  wall  is  marked  1  foot  above  bench  mark 
by  chiseled  letters  “  U.  S.  B.  M.” 

Snody  Dock  . . . . . . . . . . . . 

>  78.6 

91.94 

106.67 

Bench  mark  is  a  square  cut  on  northwest  corner  of  north  stone 
of  coping  of  culvert  and  is  on  west  side  of  roadbed  of  D.  &  H. 
R.  R.,  about  1,000  feet  south  of  Snody  Dock. 

Chubb’s  Dock . . . . . . . . . 

80.6 

92. 54 

107.27 

Bench  mark  is  square  cut  on  southeast  corner  of  east  large 
stone  at  top  course  of  north  abutment  of  small  plate-girder 
bridge  No.  5  on  D.  &  H.  R.  R.,  about  400  feet  north  of  station. 
Dresden  Station . . .  . .  . . . . 

82.8 

93.25 

107.98 

Bench  mark  is  square  cut  on  southwest  corner  of  south  stone 
of  coping  of  arch  culvert  on  west  side  of  roadbed  of  D.  &  H.  R.  R. 
Culvert  is  about  1,900  feet  north  of  railway  station. 

H.  Doc.  149 - 65 
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Part  I— Continued. 

BENCH  MARKS  FROM  WATERFORD.  N.  Y  ,  TO  PORT  HENRY.  N.  Y.  ETC.-Contiuuod. 


Description  of  locution. 
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Putnam  Station 

Bench  mark  it*  cut  on  ledge  of  r-xk  on  the  w.-*t  wide  of  railroad 
track  near  the  north  end  of  the  first  rock  cut  sonth  of  the  sta 
tion.  It  consists  of  the  letters  "B.  M."  and  a  cron*  and  circle 
chiseled  into  the  rock  Thia  lienoh  mark  waa  established  by  the 
United  States  Coast  Survey  and  numbered  B».  Coast  Survey 


Kiev.  1'H  4»U 

Putnam  Station  .  . . . . 

Bench  mark  la  aquuro  cut  on  aoutheaat  corner  of  south  atone 
of  copin  it  west  face  of  large  culvert  on  D.  Ar  H.  R  R  alamt  l.w«) 
feet  north  of  station. 

Wright's 

Bench  mark  is  square  cot  in  northeast  corner  of  at . ml  course 

of  masonry  from  lop  south  abutment  of  bridge  No  lft,  D  .V  H. 
R  R  .  alamt  !.*«>  feet  north  of  Wright's  Station. 


Fort  Tloonderoga . - . 

Bench  mark  taai|uare  cot  on  southwest  corner  of  masonry 
projection  of  water  tank  south  of  Fort  Thviuderoga  de|a>t 

TiconderoRn  .  . 

la  circle  with  hole  in  renter  in  large  atone  on  southeast  cor 
ner  of  north  abutment  of  D  A  H  R  R  drawbridge  No.  It' 
over  Tloonderoga  Creek  near  its  mouth  Bench  mark  ta 
marked  “U.8.Q.3.  B  M." 

Between  Addison  Junction  and  frown  Point  . 

Bench  mark  is  a  square  cut  on  southeast  corner  of  east  cop 
ing  of  culvert  on  l>.  A  II.  R  R.  over  on-ek  entering  I.ake 
Champlain  alxmt  2.21*'  fia>t  south  of  Five  Mile  Point 
i  Jroa  u  Point  Btation 

Bench  mark  is  a  square  cut  on  surface  of  coping  south  end 
of  east  wing  wall  or  south  abutment  of  bridge  No.  23  on  D  & 
H  R  R.  bridge  over  Putnam  Creek  alamt  -.xa H  feet  north  of 
railroad  station. 

Fort  Frederick 

Bench  mark  la  lead  ladt  in  ••enter  of  pyramid  cut  on  natural 
ria-k  outcrop  in  center  of  tliornlmah  thicket  alamt  l.ftHd  feet 
south  of  the  ruins  of  old  English  fort  and  alamt  1.7110  feet  west 
of  highway.  Bench  mark  is  the  north  laise  of  Crown  Point 
laiae  line  and  is  marked  "  L'.  S  C  S.  Base  Line,  ls72." 


Crown  Point  Light  House  . .  .  -- — 

Bench  mark  is  square  rut  in  masonry  on  the  east  side  just 
south  of  corner  of  second  course  above  ground  of  light  house 
at  Crown  Point 
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BENCH  MARKS  ESTABLISHED  ALONG  LAKE  CHAMPLAIN  BETWEEN  COOPER- 

VILLE  AND  FORT  MONTGOMERY.  N  Y 


174  SO 

88  III 

100.04 

Tfie  center  of  a  «iuan<  cut  In  the  southwest  corner  of  the 
coping  stone  on  the  southwest  corner  of  the  center  pier  of  the 
Delaware  and  Hudson  R  R  bridge  over  the  Groat  Chazy  River 
near  Oooiierville,  N  Y 

175  85 

119  01 

1113.74 

A  point  in  square  on  iron  pin  in  coping  stone  on  the  west  side 
of  Delaware  and  Hudson  R  R  track  -  feet  west  of  the  west 
side  of  opening  and  ft  inches  back  from  north  edge  of  culvert 
alsmt  nm  feet  south  of  Legget's  Crossing,  which  is  nlaiut  1.5 
miles  north  of  Cooporville,  N.  V*. 

178. 70 

(4.28 

10ft.  05 

On  the  water  table  on  the  north  side  of  the  Chapman  Bhs-k 
building  20  ft  feet  west  from  the  northeast  corner  on  the  west 
side  of  Lake  street  and  on  the  south  side  of  Chapman  street, 
and  is  Lft  feet  above  the  ground.  This  corresponds  to  the 
bench  mark  established  ut  Rouse  Point  by  the  United  States 
Coast  and  Geodetic  Survey,  elevation  1 10.0ft. 

At  Fort  Montgomery.  N.  Y. .  .  . . .  . 

180.00 

80. 27 

95. 00 

Level  of  the  tiase  of  scarp  wall  on  the  north  face  of  bastion  B. 
Fort  Montgomery,  about  8  feet  from  the  ungle  with  the  eust 
curtain  of  the  fort,  and  corresjsmds  with  the  United  States 
Engineers'  ls-ueh  murk  at  this  jsiint 
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BENCH  MARKS  ESTABLISHED  BETWEEN  LAKE  CHAMPLAIN  AND  LAKE  ST. 
FRANCIS,  VIA  CHAMPLAIN,  BARRINGTON,  ORMSTOWN,  AND  ST.  STANISLAS. 


Description  of  location. 

Distance  from  United 

States  Coast  Survey 

bench  mark  at  Green 

bush.  N  Y.,  in  miles. 

Elevation  above  bench 

mark  at  Green  bush, 

N.  Y. 

^  Elevation  above  mean 
tide  at  New  York. 

At  Cooperville,  N.  Y. . .  . . . . . 

The  center  of  a  square  in  the  southwest  corner  of  the  coping 
stone  on  the  southwest  corner  of  the  center  pier  of  the  Dela¬ 
ware  and  Hudson  R.  R.  bridge  over  the  Great  Chazy  River, 
near  Cooperville,  N.  Y. 

174.30 

88.31 

103.04 

Between  Coopersviile  and  Champlain,  N.  Y  _ 

A  nail  driven  in  the  root  of  the  southwest  side  of  elm  tree 
3J  feet  in  diameter,  standing  on  the  south  side  of  highway  on 
the  east  side  of  the  Great  Chazy  River  It  is  about  7,500  feet 
from  the  Oak  Street  Bridge  at  Champlain,  N.  Y.,  as  measured 
along  the  highway,  and  about  900  feet  east  of  the  east  bank  of 
the  river. 

177.26 

118. 11 

132.84 

At  Champlain.  N.  Y - - - - - - - - 

On  a  3  inch  square  cut  in  the  top  of  the  first  step  above  the 
main  abutment  on  the  west  side  of  the  north  abutment  of 
the  Oak  Street  Bridge  over  the  Great  Chazy  River  at  Cham¬ 
plain,  N.  Y. 

178.60 

94.78 

109.506 

Near  Champlain,  N.  Y . . . . . . . . . 

On  a  1  pinch  square  cut  in  the  stone  step  near  the  east  side 
of  the  front  door  to  the  Champlain  Waterworks,  about  1  mile 
north  of  the  city. 

Between  Champlain,  N.  Y.,  and  Barrington,  Province  of  Quebec, 

180.00 

150.25 

164. 98 

Canada.. _ _  _ _ _ _ _  .  _ ...  ...  .  _ 

181.20 

156.41 

171. 14 

A  nail  In  the  root  on  the  west  side  of  elm  tree  14  feet  in 
diameter,  on  the  north  side  of  the  Great  Chazy  River,  about 
2.6  miles  northwest  of  Champlain,  N.  Y.  It  is  about  80  feet 
west  of  small  creek  about  1,400  feet  north  of  the  north  bank 
of  the  Great  Chazy  River  and  about  730  feet  south  of  the  inter¬ 
national  boundary  line. 

Between  Champlain,  N.  Y.,  and  Barrington,  Province  of  Quebec.. . 

A  square,  14  inches  on  a  side  cut  in  the  top  of  a  bowlder 
about  50  feet  south  of  barn  on  property  of  Jas.  Straps,  located 
about  5.6  miles  northwest  of  Champlain,  N.  Y.  It  is  about  1,360 
feet  east  of  the  intersection  of  the  highway  running  north  and 
south  with  the  road  to  Hemmingford. 

184.23 

183. 88 

198.61 

Near  Barrington,  Province  of  Quebec . . . 

A  nail  in  the  root  on  the  northeast  side  of  elm  tree  2  feet 
in  diameter,  on  the  property  of  Jos.  Robinson,  about  50  feet 
east  of  the  Little  Montreal  River  and  about  550  feet  north  of 
east  and  west  highway  about  2.7  miles  south  of  Barrington, 
N.  Y.,  and  300  feet  west  of  the  north  and  south  highway. 

187.80 

194.11 

208. 84 

At  Barrington.  Province  of  Quebec.  . . .  . . . 

A  nail  in  the  root  on  the  west  side  of  elm  tree  24  feet  in  di¬ 
ameter,  on  the  west  side  of  the  highway  running  northeast  and 
southwest  through  Barrington,  N.  Y.,  and  is  about  2,400  feet 
southwest  of  the  crossing  of  this  highway  with  the  Grand 
Trunk  R.  R. 

190.30 

174.60 

189.33 

Between  Barrington  and  St.  Clothilde,  Province  of  Quebec. _ 

A  nail  in  the  root  on  the  northwest  side  of  maple  tree  10 
inches  in  diameter,  on  the  south  side  of  the  right  of  way  of  the 
Canada  and  Atlantic  R.  R.,  and  150  feet  east  of  east  end  of 
bridge  over  Cranberry  Creek,  about  3  miles  west  of  Barring¬ 
ton,  N.  Y. 

193.30 

162. 89 

177.62 

Near  St.  Clothilde,  Province  of  Quebec . . .  . 

A  nail  in  the  root  on  the  north  side  of  elm  tree  8  inches  in 
diameter,  about  100  feet  south  of  south  right  of  way  line  of  the 
Canada  and  Atlantic  R.  R.,  and  about  600  feet  west  of  Holton 
R.  R.  station,  which  is  about  li  miles  southeast  of  St.  Clothilde, 
Province  of  Quebec. 

195. 40 

183.03 

197.76 

Between  St.  Clothilde  and  Aubrey,  Province  of  Quebec _ _ 

A  nail  in  the  root  on  the  south  side  of  elm  tree  16  inches  in 
diameter,  about  40  feet  north  of  north  right  of  way  line  of  the 
Canada  and  Atlantic  R.  R.  and  about  750  feet  west  of  the  first 
highway  crossing  west  of  Holton  station. 

197. 70 

158. 15 

172. 88 

At  Aubrey,  Province  of  Quebec  _ _ _ _ _ 

A  nail  in  the  root  on  the  west  side  of  ash  tree  14  inches  in 
diameter,  about  80  feet  south  of  the  south  bank  of  the  English 
River  and  about  500  feet  north  of  the  intersection  of  highways 
at  Aubrey. 

201. 70 

121.  40 

136. 13 
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BENCH  MARKS  ESTABLISHED  BETWEEN  LAKE  CHAMPLAIN  AND  LAKE  ST. 
FRANCIS.  VIA  CHAMPLAIN.  BARRINGTON.  ETC. -Continued 
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Between  Aubrey  and  Orinstown.  Provim-e  of  Quebec  . . 

A  nnil  in  the  root  on  the  south  side  «>f  ouk  tree  It*  inches  in 
diameter. on  the  Fertile  Creek  road  about  Htl  miles  west  of  Au¬ 
brey  and  aiiout  7(11  feet  southwest  of  the  culvert  on  this  high 
way  over  Fertile  Creek. 

At  Orinstown.  Province  of  Queliec  .  . . . 

The  center  of  a  1  pinch  square  cut  in  the  toj>  of  con  bur  stone 
near  the  northwest  corner  of  the  east  abutment  of  the  high 
way  bridge  over  the  Cliateanguay  River  at  Orinstown,  Prov¬ 
ince  of  Quebec. 

Between  <  >rmstown  and  St  Stanislas.  Province  ot  Queliec  . 

A  nail  in  the  root  on  the  weat  aide  of  poplar  tree  2 feet  in 
diameter,  on  the  south  side  of  highway  at  a  |>o!nt  about  7.7n  feet 
west  of  the  intersection  of  highways  about  4  miles  northwest 
of  highway  bridge  at  Orinstown,  Province  of  Queliec. 

At  st  .'Stanislas,  Provm . f  Quoins- 

t  >n  the  top  of  horizontal  offset  of  water  table,  whi  h  is  ntsiut 
1  inch  below  the  top  of  the  west  doorstop  of  the  St.  Stanislas 
Homan  Catholic  <  'hun-h.  It  ia  on  top  of  angle  at  the  east  side 
of  pilaster  near  the  southwest  corner  of  the  church,  and  the 
angle  at  the  liench  mark  is  f*j  feet  west  of  the  west  doorstep  of 
the  church.  There  are  no  marks  to  indicate  the  location  of 
the  ls<neh  mark 

On  shore  of  l.uko  St.  Francis .  .....  . 

<  >ti  a  1|  Inch  square  marked  "  B  SI.,"  cut  in  the  top  of  lebge 
of  bmeatone  about  04  feet  from  lake  shore  on  a  point  of  land 
projecting  into  Lake  St  Francis,  about  2.1541  feet  west  of  the 
intersection  of  highway  running  northwest  from  St  Stanislas 
with  highway,  near  the  lake  shore  and  alsiut  2.7  miles  from  St 
Stanislas  railroad  station. 

Valley  field 

Coping  of  north  wall  of  lock  No.  14.  Beauharnois  Canal. 
Bench  mark  iaou  the  iron  bolt  in  strap,  ti  inches  from  heel  jiost 
of  upper  gate. 
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BENCH  MARKS  ESTABLISHED  BETWEEN  sp  STANISLAS.  PROVINCE  OF  QUEBEC. 

CANADA.  AND  HuGANSBURG.  N  Y. 


At  St  Stanislas.  Province  of  Quebec  . .  . 

280.3 

1541.83 

105.00 

( In  the  top  of  horizontal  offset  of  water  table,  which  isatsiut  1 
inch  below  thetopof  the  west  doorstep  of  St  Stanislas  Romnn 
Catholic  Church.  It  is  on  top  of  angle  at  the  east  side  of  pilaster 
near  the  southwest  corner  of  the  church,  and  the  angle  at  the 
liench  mark  is  f»4  Ns-t  west  of  the  west  doorstep  of  the  church 
There  are  no  marks  to  indicate  the  location  of  the  bench  mark 
At  Huntingdon,  Province  ..r  Quebec  . 

220  7 

14.7  22 

159  95 

t  hi  tho  top  of  iron  monument  on  the  southeast  corner  of  Ha- 
first  st  reet  intersection  south  of  the  Grand  Trunk  R.  R  depot 
at  Huntingdon,  Proviuce  of  Queliec. 

At  Carrs  Crossing  Province  of  Quote*-  . 

311.8 

109.  U2 

183  75 

A  nail  in  the  r<s>t  on  the  west  side  of  elm  tree  14  inches  in  di 
iimeter,  ltlOfeet  north  of  the  center  of  truck  of  the  Grand  Trunk 
R.  R..  nnd  3Mb  feet  east  of  road  at  Carrs  Crossiug. 

At  Whites  Station,  Province  of  Queliec  . . 

233.3 

10.7. 10 

179.83 

A  nail  in  tho  root  on  the  north  sideof  maple  tree  14  inches  in 
diameter.  3t  feet  south  of  the  center  of  track  of  the  Grand 
Trunk  R.  R.,  ami  3  feet  east  of  the  east  road  fence  at  Whites 
station. 

At  St  Agnes  station.  Province  of  Quebec .  .  . 

238.8 

183.  Hit 

198.62 

A  nail  in  the  root  on  the  north  side  of  elm  tree  3' inches  in 
diameter,  01)  feet  from  the  center  of  track  of  the  Grand  Trunk 
R.  it.,  in  thoeast  fence  lineof  the  roail  east  of  St.  Agnes  station 
At  Fort  Covington  NY  .  ..  .. 

2+4  3 

1.72.  74 

107.47 

A  2  inch  square  1  foot  from  the  south  edge  and  1  foot  from 
the  east  edge  of  tin- east  abutment  of  the  Grand  Trunk  R  K 
bridge  over  the  Salmon  River  at  Fort  Covington.  N  Y. 
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BENCH  MARKS  ESTABLISHED  BETWEEN  ST  STANISLAS.  PROVINCE  OF  QUEBEC, 
CANADA,  AND  HOGANSBURG,  N.  Y.  -Continued. 


Description  of  location. 

Distance  from  United 

States  Coast  Survey 

bench  mark  at  Green- 

bush.  N.  Y.,  in  miles. 

Elevation  above  bench 

mark  at  Greenbush, 

N.  Y. 

Elevation  above  mean 

tide  at  New  York. 

At  Hogansburg,  N.  Y . . . . . - _ _  -. 

The  center  punch  mark  in  one  fourth-inch  brass  bolt  ce¬ 
mented  into  the  northeast  face  of  the  east  buttress  of  the  main 
tower  of  St.  Patrick’s  Catholic  Church,  Hogansburg,  N.  Y. 
The  bolt  is  21  inches  below  the  water  table  and  1 H  inches  above 
the  ground.  The  letters  “U.  S.  P.”  are  cut  into  the  foundation 
masonry.  This  bench  mark  is  designated  as  United  States 
precise  bench  mark  “P”  on  the  line  of  precise  levels  between 
Hogansburg*and  Cape  Vincent. 

252. 8 

184. 55 

179.28 

BENCH  MARKS  ESTABLISHED  BY  PRECISE  LEVELS  BETWEEN  HOGANSBURG, 

N.  Y.,  AND  ST.  REGIS,  CANADA. 


At  Hogansburg.  N.  Y _ .  . . -  -  . . 

The  center  punch  mark  in  one  fourth  inch  brass  bolt  ce¬ 
mented  into  the  northeast  face  of  the  east  buttress  of  the  main 
tower  of  St.  Patrick’s  Catholic  Church  at  Hogansburg,  N.  Y. 
The  bolt  is  21  inches  below  the  water  table  and  18  inches  above 
the  ground.  The  letters  “  U.  S.  P.”  are  cut  into  the  founda¬ 
tion  masonry. 

252. 8 

184.  55 

179.28 

At  Hogansburg,  N.  Y . . . . . . 

The  center  punch  mark  in  one-fourth  inch  brass  bolt  ce¬ 
mented  into  the  southeast  face  1  foot  from  the  east  corner  of 
the  Catholic  convent  at  Hogansburg.  The  bolt  is  in  the  lime¬ 
stone  water  table  about  2  feet  above  the  surface  of  the  ground 
and  the  letters  “U.  S.  C.”  are  cut  into  the  stone. 

253. 0 

186. 24 

180.97 

At  St.  Regis,  Canada _  .  - _ _ _ _ _ _ _ 

The  center  punch  mark  in  one-fourtli  inch  brass  bolt  ce¬ 
mented  into  the  west  side  of  the  northwest  corner  of  tower  of 
St.  Regis  Catholic  Church  10  inches  from  said  corner  and  about 
19  inches  above  the  surface  of  the  ground.  The  letters  ”  U.  S. 
A.”  are  cut  into  the  stone. 

255.2 

156.14 

170.87 

At  St.  Regis,  Canada . . . .  . . . 

The  center  punch  mark  in  one-fourth  inch  brass  bolt  ce¬ 
mented  into  the  south  face  and  6  inches  from  the  southwest 
corner  of  the  priest’s  house  opposite  the  Catholic  Church  at 
St.  Regis,  Canada.  The  bolt  is  6  inches  above  the  surface  of 
the  ground  and  the  letters  “U.  S.  B.”  are  cut  into  the  founda¬ 
tion  stone. 

255. 2 

153.18 

167.91 

BENCH  MARKS  ESTABLISHED  BY  PRECISE  LEVELS  ALONG  THE  ST.  LAWRENCE 
RIVER  BETWEEN  HOGANSBURG,  N.  Y.,  AND  CAPE  VINCENT.  N.  Y. 


Hogansburg,  N.  Y . . . 

Tlie  center  punch  mark  in  one-fourth  inch  brass  bolt  cemented 
into  the  northeast  face  of  the  east  buttress  of  the  main  tower 
of  St.  Patrick’s  Catholic  Church  at  Hogansburg.  The  bolt  is 
21  inches  below  the  water  table  and  18  inches  above  the  ground. 

1  lu  letters  “U.  S.  P.”  are  cut  into  the  foundation  masonry. 

Between  Hogansburg  and  Louisville  Landing,  N.  Y__ . 

The  top  of  a  roundheaded  brass  bolt  set  in  aconcrete  base 
about  350  feet  northwest  of  the  northwest  bank  of  the  Racket 
River,  and  20.5  feet  southeast  of  a  large  pine  tree.  9  feet  in  cir¬ 
cumference,  and  blazed  12  by  17  inches.  Thetreeisthe  largest 
pine  tree  near  the  mouth  of  the  Racket  River,  and  the  blaze  is 
marked  the  same  as  the  concrete  base,  “U.  S.  P.  B.  M.  1.”  The 
bench  mark  is  covered  by  about  1  foot  of  earth. 

Between  Hogansburg  and  Louisville  Landing,  N.  Y . 

The  top  of  a  roundheaded  brass  bolt  set  into  a  concrete  base 
on  the  north  side  of  the  Grass  River  road,  just  east  of  the  mouth 
of  the  Grass  River.  The  bench  is  3  feet  south  of  the  north 
fence  line  of  the  road,  and  on  the  west  fence  line  of  house  lot 
of  Wm.  Tucker.  Thebench  was  set  1.2  feet  underground,  and 
marked  on  the  concrete  base  "  U.  S.  P.  B  M.  2.” 


252. 8 

154. 55 

179.28 

254. 8 

158.17 

172.90 

258. 5 

194.28 

209.01 
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BENCH  MARK!'  ESTABLISHED  BY  PRECISE  LEVELS  ALUNO  THE  ST.  LAWRENCE 
RIVER  BETWEEN  Il<  »(4 ANSBCRd.  N  Y  .  AND  CARE  VINCENT.  N  Y  Continued 
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Between  Hogausburg  and  Loiusvilc  Landing.  N  Y _ _ I 

The  ti>|>  of  u  round headed  brass  l>olt  set  into  acorn-rote  Itase.'l 
feet  south  of  fence  on  the  north  aide  of  the  river  road  unit  in 
the  center  of  the  north  and  south  road.  branching  off  from 
the  river  road,  opts sdtr  the  farm  of  John  Wood  Tie-  lieneh 
is  27  feet  east  of  a  honey  locust  hedge  on  the  wint  line  of  said 
farm,  and  la  1.3  feet  under  the  surface  of  the  ground.  Thecon 
Crete  lio.se  in  marked  "  IV  S  R  B  M  3.” 

Between  Hogausburg  and  Loti  lav  I  lie  Landing.  N  Y  . 

The  top  of  aronndhendod  one  fourth  inch  brasstioltHet  into 
a  concrete  Lise  underground  and  Militated  on  the  south  aide  of 
the  river  road  on  line  of  it  stone  fence  running  north  and. south 
opjKwdto  the  barnyard  of  Frank  Roily's  farm.  The  bench  i»5.5 
feet  from  tho  south  fence  of  the  road  and  430  feet  east  of  Roily  s 
Cris-k  and  is  marked  on  the  concrete  Iso-e  •'  C.  S.  R.  B.  >14 

Between  ll'igansliurg  and  Louiavllle  Landing.  N.  Y  . 

The  top  of  a  round  headed  one-fourth  inch  brass  bolt  Met  into 
a  concrete  I«m  1.!!  feet  behtw  the  surface  of  the  ground  and 
situated  on  the  north  aide  of  the  river  road  et  the  corner  of 
the  fem  e  in  the  turn  of  the  road  at  the  house  of  Norman  Hop 
son.  The  1  tench  1*  3  8  feet  from  tho  fence  corner  and  is  marked 
•  C  s  p  it  U  5 

Near  Louisville  Landing,  N  Y  . 

Tho  top  of  a  rottnubeadod  one-fourth  inch  brass  bolt  set  into 
a  concrete  base  1  .'I  feet  underground.!!  feet  north  of  north  and 
s< »ut h  fence  line  of  the  river  road  and  •>  5  feet  east  of  the  east 
fence  itf  Isaac  Richards’s  residence  at  Richards  a  Landing.  The 
bench  is  marked  on  tho  concrete  bane  “  L'.  S.  R  B.  >1  8. 

At  Louisville  Landing,  N  Y 

The  center  punch  mark  in  a  one-fourth  inch  brass  Uilt  cc 
mentisl  into  the  west  face  of  the  hotel  of  R  B  Mathews  at 
Louisville  landing.  -  tl  feet  from  the  northwest  corner  of  Un¬ 
building  in  a  foundation  stone  0  !•  foot  alstve  grt>und  marked 
“  U.  H  . 

Between  Louisville  Iatndiug  and  Waddington.  N  Y 

The  toji  of  a  ronudheadisl  one-fourth  inch  brass  ts.lt  sot  into 
a  concrete  base  1.4  feet  underground  and  nit  unted  on  the  north 
ride  of  t  lie  river  road  33  1  lei  t  u  --t  and  on  Wont  fence  line  ol 
(’has.  Whalen  s  house  The  Iteiich  is  !l  fts-t  east  of  -aid  Whalen 
fence  and  on  the  north  fence  line  of  the  river  road  and  is  marked 
“  U.  8.  R.  B  M  7  ” 

Between  Louisville  Latidiug and  Waddington.  N  Y _ 

The  top  of  a  roll  lid  head  e.  I  one  fourth  iuch  copper  bolt  set 
into  the  top  of  a  large  granite  Itowlder  in  the  orchard  on  the 
north  Hide  of  the  river  road  on  the  crest  of  lull,  us  feet  north 
of  north  fence  line  of  River  road,  opposite  the  home  of  William 
Bradford,  mi  Bradford  s  Hill.  The  lsiwlder  is  marked  ’*  U  s  R 
B.  M.  s.” 

Between  Louisville  Landingaud  Waddington, N  Y 

Thetopof  a  round  headed  one  fourth  iuch  brass  bolt  set  into 
a  concrete  base  1.3  feet  Is-low  the  ground,  mi  the  north  sloe  of 
the  river  road  abreast  of  Egg  Island  tor  Rut  her  fords  or  Carrs 
island ),  in  Cole'st’reek  The  isoieh  is  nearly  on  said  north  road 
line  and  .Is  fts-t  south  of  the  south  corner  of  a  large  wooden 
!w»rn  ot  Wm  Hosuier.  and  on  the  concrete  base  is  marked  ’*  l! 

8  R  B  M  0 

Nt  ar  Wa  idington,  N  Y  . . 

Thetopof  a  ronudheadisl  one  fourth  inch  braas  bolt  set  into 
a  concrete  base  covered  by  13  feet  of  earth  and  situated  on  the 
north  aide  of  the  river  road  4.3  feet  south  of  the  north  fence 
line. and  on  the  property  line  between  Dart  is  and  Scott  lots, 
abreast  of  Murphys  Island  The  concrete  liaae  is  marked  ’’  IL 
S  R  B  M  10.” 

At  Waddington,  NY  ......  ... 

Tile  center  punch  mark  in  one  fourth  inch  brass  bolt  ce¬ 
mented  into  the  south  buttress  of  the  steeple.  13  feet  northeast 
from  the  center  of  the  main  entrance.  1  f.  feet  from  the  outer 
corner  of  said  buttress  and  l.ftfeet  above  the  ground,  on  the 
Presbyterian  Chun-li  at  Waddington  N  Y.,nud  marked  ”1' 

8.  A. 


3»  i  5 


3M  4 


#17.1 


3*»».  8 


100  117  305  40 


#17  07  333  40 


213.  0-*.  340  !W 


218.88  2«.4l 


373.1  310.  !U  211.04 


374.7  21051  235.24 


370  S  345.71  3(10  44 


370  0  335. 13  2».  85 


281.0  322.50  217  30 


284.3 


359.  18 


37!1.  91 
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BENCH  MARKS  ESTABLISHED  BY  PRECISE  LEVELS  ALONG  THE  ST.  LAWRENCE 
RIVER  BETWEEN  HOGANSBURG,  N.  Y.,  AND  CAPE  VINCENT.  N  Y.— Continued. 


Description  of  location. 

,  Distance  from  United 
States  Coast  Survey 
bench  mark  at  Green 

bush,  N.  Y.,  in  miles. 

Elevation  above  bench 
mark  at  Greenbush, 
N.  Y. 

Elevation  above  mean 

tide  at  New  York. 

At  Waddington,  N.  Y . . . . . ...  ... _ 

284. 5 

262. 36 

277.09 

The  center  punch  mark  in  one-fourth  inch  brass  bolt  ce¬ 
mented  into  the  foundation  masonry  on  the  northeast  face,  1.9 
feet  from  the  north  corner  and  0.8  foot  above  the  ground  on 
the  town  hall  at  Waddington,  N.  Y., and  marked  “U.  S.B.” 

At  Waddington,  N.  Y . - . . . 

284. 5 

264. 70 

279.43 

The  center  punch  mark  in  one-fourth  inch  brass  bolt  ce¬ 
mented  into  the  upper  foundation  stone  3  inches  from  the  south 
corner  and  24  inches  above  the  ground  on  the  southwest  face  of 
St.  Paul’s  Episcopal  Church  at  Waddington,  N.  Y.  The  letters 
”17.  S.  11  ”  are  cutinto  the  stone. 

Between  Waddington  and  Ogdensburg.  N.  Y _ _ _ _ 

237. 8 

239. 59 

254.32 

The  top  of  a  roundheaded  one-fourth  inch  brass  bolt  ce¬ 
mented  into  the  top  of  a  large  granite  bowlder  on  the  south  side 
of  the  river  road  at  the  turn  just  west  of  point  Three  Points 
(better  known  as  White  House  Point  or  Waddels  Point).  The 
bowlder  forms  the  end  of  a  stone  wall  near  the  entrance  to  the 
property  of  Waddel  and  is  marked  “U.  S.  P.  B.  M.  12.” 

Between  Waddington  and  Ogdensburg,  N.  Y.,at  Tilden  post-office. 

290.8 

259. 72 

274.46 

The  top  of  a  roundheaded  one-fourth  inch  brass  bolt  ce¬ 
mented  into  the  top  of  a  bowlder  on  the  north  side  of  the  river 
road  and  on  the  east  property  line  of  Tilden  post-office,  just 
opposite  Iroquois  Point.  The  bowlder  is  marked  "  U.  S.  P.  B. 
M.13A.” 

Between  Waddington  and  Ogdensburg,  at  Tilden  post-office  . 

290. 8 

256. 25 

270.98 

The  center  punch  mark  in  one-fourth  inch  brass  bolt  ce¬ 
mented  into  foundation  stone  of  Tilden  post-office,  situated  on 
the  north  side  of  the  river  road  on  the  town  line  between  Lis¬ 
bon  and  W addington.  N.  Y.  The  mark  is  on  the  southeast  face 
of  the  building,  7.2  feet  from  the  south  corner  and  0.8  footabove 
the  ground  The  letters  "  U.  S.”  are  cut  into  the  stone. 

Between  Waddington  and  Ogdensburg,  N.  Y  . . . . . 

294. 1 

259.  82 

274.55 

The  top  of  a  roundheaded  one- fourth  inch  brass  bolt  set  into 
a  concrete  base,  covered  by  1  foot  of  earth,  on  the  north  side  of 
the  river  road  at  a  turn  in  the  fence  on  the  east  property  line 
of  Silas  Samon’s  property.  The  bench  is  7  feet  west  from  a 
large  sugar  maple  tree,  blazed  and  marked  “U.  S.”  The  con¬ 
crete  base  is  marked  “U.  S.  P.  B.  M.  14.” 

Between  Waddington  and  Ogdensburg,  N.  Y.,  at  Lisbon  post- 

296. 7 

265. 02 

279. 75 

The  center  punch  mark  in  one-fourth  inch  brass  bolt  ce¬ 
mented  into  the  corner  stone  ou  the  west  corner  of  the  Epis¬ 
copal  stone  church  at  Lisbon  post-office,  7  miles  below  Ogdens¬ 
burg,  N.  Y.  The  church  is  on  the  south  side  of  the  river  road. 
The  bench  is  on  the  north  face  of  the  church,  10  inches  from 
the  west  corner,  28  inches  above  the  ground,  and  is  marked 
“U.  S.  15.” 

Near  Ogdensburg,  N.  Y .  . . .  . 

300.6 

268.53 

283.26 

The  center  punch  mark  in  one-fourth  inch  brass  bolt  ce¬ 
mented  intored  sandstone  coping  on  the  north  side  of  infirmary 
building  in  New  York  State  Hospital  grounds,  below  Ogdens¬ 
burg,  N.  Y.  The  mark  is  12.7feet  from  the  west  corner  of  said 
building,  and  50.5  feet  from  the  center  of  doorway  on  the  north 
side,  and  is  4  feet  above  the  ground.  The  letters  “U.  S.”  are 
cut  into  the  coping  stone  over  the  bench  mark. 

At  Ogdensburg,  N.  Y . . . 

304. 0 

264. 20 

278.93 

The  punch  mark  on  the  center  of  a  one-fourth  inch  brass 
bolt  cemented  into  a  12  by  18  inch  red  sandstone  on  the  south¬ 
west  corner  of  the  Armory  Building,  Ford  street,  Ogdensburg. 
N.  Y.,  34  inches  above  the  surface  of  the  ground.  The  letters 
”17.  S.  A.”  are  cut  into  the  masonry. 

At  Ogdensburg,  N,  Y . . . .  .  . 

304.0 

267. 04 

281. 77 

The  punch  mark  in  the  center  of  one-fourth  inch  brass  bolt 
cemented  into  a  12  by  18  inch  foundation  stone  on  the  southeast 
face  of  the  town  hall  and  opera  house,  corner  of  Ford  and  Car¬ 
oline  streets,  Ogdensburg,  N.  Y.  The  mark  is  on  the  west  hall 
of  said  face  and  0.25  feet  from  the  southwest  corner  of  the 
building  and  2.25  feet  above  the  surface  of  the  ground.  The 
letters  “U.  S.  B.”  are  cut  into  the  masonry. 
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Description  of  location. 


At  Ogdemban,  N.  Y . .  . 

The  center  punch  mark  lu  ono-fourth  Inch  Brass  U»lt 
mented  Into  n  corner  coping  stono  on  the  northeast  corner  of 
the  United  States  custom-lion  se,  state  street,  OgdensBurg. 
N.  Y.  Th«-  murk  is  7|  inches  west  of  said  corner  of  tmilditiLr. 
on  the  north  face.  4  f<n>t  and  one  half  Inch  ubove  the  sidewalk. 
The  letters  “'IT.  S.  C."  are  cut  into  the  coping  atone. 

At  Ogdensbnrg,  N  Y .  .  .  . 

The  center  punch  mark  in  one-fourth  Inch  Brass  Isilt  co 
mented  into  coping  atone  on  the  north  face  of  the  United 
States  light-house  on  the  west  pier  at  the  mouth  of  the  ( h»we 
gatehie  River,  Ogden»l>urg.  N  Y  The  mark  is  4*>  inehes 
southwest  ot  the  north  corner  of  the  house  and  324  inches 
nlsivo  thi'  surface  of  the  ground.  The  letters  ••  U.  S.  D."  are 
cut  into  tie'  copitur  atone.  • 

Near  <  )gdetislrnrg.  N  \ .  . 

The  top  of  a  round  headed  one  fourth  inch  Brass  Isilt  set  into 
a  concrete  law,  1-  inches  Below  th>«  surface  of  the  ground. 
:il  7  feet  south  of  the  center  of  track  of  the  Utica  and  Black 
River  R.  R.,  near  Nwins  Point.  3  miles  iilsive  Seymour  Hon»*. 
OgdensBurg,  N  Y.  The  bench  is  23  6  feet  north  <>f  a  lurge  elm 
mss  (llil  inches  diameter ),  blazed  and  marked  "U.S."  also  about 
2i«>  feet  south  of  a  stone  ice  bouse  and  alsiut  SSI)  feet  northeast 
"f  a  stone  Burn.  The  concrete  base  ia  marked  “  U.  8  PR  M 
17,"  and  the  same  letters  are  cut  into  a  large  itowlder  in  tie- 
corner  of  the  fence alnut  111  fis*t  northwest  of  the  )s>nch 

Between  <  igdeiishurg  nnd  Morristown.  N.  Y . 

The  top  of  a  square-headed  one  fourth  inch  Brass  l»0t  ce 
mented  into  Bed  rock  tl  inches  under  ground.  nl<out  W«i  feet 
northwest  from  house  of  I,e  Ro>'k,  4o.il  feet  northwestof  center 
of  track  of  Utica  and  Black  River  R.  R.,  2V2.5  fi'et  northeast  of 
section  itostSt  -4  of  this  railroad,  0  miles  above  Soyinonr  House, 
i  Igdensburg,  N.  Y.  The  bench  is  124  feet  west  of  a  wagon  r->ad 
leading  from  Lo  Rock  s  house  to  the  St  Lawren<*e  River  nnd 
about  2u*  feet  southwest  from  a  small  stone  boathouse  on  the 
river  bank.  The  letters  “ U  B  P  li  M  18" ara  cut  into  the  bad 
rock. 

Neur  Morristown,  N.  Y . . . . . . 

The  top  of  a  roundheaded  one-fourth  inch  Brass  l*>lt  ce¬ 
mented  intols'd  rock,  23.x  feet  northwest  from  is'nter  line  of 
track  of  the  Utica  and  Black  River  it.  R  .  62  feet  southeast  of  a 
ledge  of  rock  on  the  St.  Lawrence  River  l>aiik.  on  Dows  Point. 

S*°NW.,  a  distance  of  about  l.uio  feet  from  the  resident . . 

Geo.  Beattie.  V  miles  above  OgdensBurg  and  alsmt  2  miles 
Below  Morristown  The  bench  is.'tll  feet  southwest  from  the 
southwest  corner  of  summer  cottage  "  Rock  Ledge."  E  30  S. 
from  Brockvilh*  Asylum,  ( 'aundn,  and  60  feet  northwest  from  n 
blazed  telegraph  pole  Tlie  letters  " U  S.  P.  B  M  II*"  are  cut 
into  the  Bed  rock,  which  is  covered  By  U  inches  of  earth 

At  Morristown,  N.  Y . . .  . 

Tlie  center  punch  mark  in  a  one-fourth  inch  Brass  isilt  ce¬ 
mented  into  cooing  stone  on  the  northwest  corner  of  lumls-r 
office  of  tlie  Gillies  Bros.  <’o  .  Limited,  in  the  northwest  end  or 
Morristown.  N.  Y.  Tim  Building  is  of  limestone  and  ia  owned 
By  Frank  Chapman.  *  Igdensburg.  N.  Y.  The  Bench  mark  is  on 
tlie  north  face  of  said  Buildiiig.il  inches  from  the  northwest 
corner  and  abont  IS  inches  aitove  the  ground.  The  Bench  is 
marked  “U.S  A." 

At  Morristown,  NY  _  .  .  . 

The  center  punch  mark  in  a  one- fourth  inch  Brass  Isilt  ce¬ 
mented  intoncornerstonoof  the  foundation  masouri  of  a  stone 
warehouse  68  feet  west  and  across  the  road  from  1’.  B.  M  A 
The  I  tench  is  on  the  cast  ta.ei.f  -aid  Building,  8  imhe-  from  the 
southeast  corner,  and  the  letters  "U.S.  IL"  are  cut  into  tlie 
stone.  The  iiench  is  also  79.5  feet  from  the  north  side  of  the 
United  States  custom-house  and  117  feet  east  of  the  center  of 
main  track  of  the  Utica  and  Black  River  R  R. 
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Description  of  location. 


Between  Morristown  and  Oak  Point,  N.  Y. _ _ 

Thetopof  a  rouudheaded  one-four  tli  inch  brass  bolt  cemented 
into  a  slab  of  limestone  rock  embedded  in  sand  and  gravel  near 
the  shore  of  the  St.  Lawrence  River,  on  the  east  side  of  a  small 
bay,  1.6  miles  above  Morristown,  and  on  range  with  the  upper 
end  of  old  Main  Island  and  Umbrella  Island.  The  bench  is  at 
the  foot  of  a  ledge  of  rock  at  Rowleys  or  Housers  Point,  6  feet 
from  the  face  of  a  ledge  and  about  180  feet  north  of  the  river 
road.  The  letters  “U.  S.  P.  B.  M.20”  are  cut  into  the  rock. 

Between  Morristown  and  Oak  Point,  N.  Y . . , _ 

Thetopof  a  roundheaded  one-fourth  inch  brass  bolt  cemented 
into  the  topof  abowlder  (5  by  3  feet)  projecting  2  feet  above  the 
surface  of  the  ground  and  situated  on  the  north  side  of  the  river 
road,  in  a  turn  of  this  road,  and  opposite  the  center  of  a  cross 
road  running  southeast  from  the  river  road  and  about  three- 
fourths  of  a  mile  east  of  town  line  between  the  towns  of  Mor¬ 
ristown  and  Hammond;  24  miles  northeast  from  Oak  Point,  or 
1,000  meters  northeast  from  the  cross  road  known  as  the  Black- 
stone  road.  The  letters  “U.  S.  P.  B.  M.  21”  are  cut  into  the 
bowlder. 

At  Oak  Point,  N.  Y . . . 

The  top  of  a  roundheaded  one-fourth  inch  brass  bolt  ce¬ 
mented  into  sandstone  bed  rock  6  inches  below  the  surface  of 
the  ground,  and  3  feet  from  the  south  fence  line  of  the  river 
road  and  71  feet  from  the  southeast  fence  corner  of  the  inter¬ 
section  of  the  river  road  and  the  road  going  north  into  Oak 
Point  village.  The  bench  is  N.  32°  E.  from  intersection  of  cen¬ 
ter  lines  of  said  river  road  and  said  Oak  Point  road  on  the  crest 
of  the  hill  one-fourth  mile  south  of  Oak  Point  village.  The 
bench  is  marked  “  U.  S.P.  B.  M.  22.” 

At  Oak  Point,  N.  Y . . . 

The  top  of  a  roundheaded  one-fourth  inch  brass  bolt  ce¬ 
mented  into  sandstone  bed  rock  18  inches  below  the  surface  of 
the  ground  on  the  west  side  of  the  road  to  Oak  Point  village, 
and  22  meters  northwest  from  the  intersection  of  the  river 
road  and  the  Oak  Point  road  on  the  crest  of  the  hill  one-fourth 
mile  south  of  Oak  Point  village.  The  bench  is  39  meters  west 
from  P.  B.  M.  22,  and  1.7  meters  south  from  large  bowlder 
marked  “17.  S.  P.  B.  M.O.P.,"  with  an  arrow  pointing  to  the 
bench.  These  same  letters  are  also  cut  into  the  bed  rock. 

Between  Oak  Point  and  Chippewa  village.  N.  Y . . . 

The  top  of  a  roundheaded  one-fourth  inch  brass  bolt  ce¬ 
mented  into  sandstone  bed  rock  in  the  valley  of  the  Chippewa 
Creek  S.  70°  W.  and  375  meters  from  the  iron  bridge  over  said 
creek.  The  bench  is  northeast  from  the  stone  residence  of 
Alex,  and  Robert  More,  in  Chippewa  Valley,  and  3f  miles  from 
Oak  Point  village  by  Chippewa  road.  The  bench  is  also  25 
meters  south  from  a  30-inch  white  oak,  blazed,  and  2  meters 
west  from  a  bare  surface  in  the  rock  into  which  the  letters 
“  U.  S.  P.  B.  M.  23  ”  are  cut,  with  an  arrow  pointing  to  the  mark. 
The  mark  is  covered  by  about  6  inches  of  earth,  and  the  same 
letters  are  cut  in  the  rock  around  it. 

Between  Oak  Point  and  Chippewa  village,  N.  Y . 

A  horizontal  line  cut  in  the  center  of  a  smooth  square  sur¬ 
face  on  the  south  face,  1.3  inches  east  of  the  southwest  corner 
and  22  inches  above  the  ground,  of  the  stone  dwelling  house  of 
Alex,  and  Robert  More,  in  Chippewa  Creek  Valley,  and  about 
2f  miles  east  of  Chippewa  village,  on  the  river  road.  The 
letters  “U.S.23  A.”  are  cut  into  the  masonry  around  the  mark. 

At  Chippewa  village,  N.  Y . . . - . 

The  center  punch  mark  in  one-fourth  inch  brass  bolt  ce¬ 
mented  into  a  corner  stone  on  the  north  face  of  the  northeast 
corner  of  schoolliouse  of  district  No.  11,  in  Chippewa  village. 
N.  Y.  The  schoolhouse  is  built  of  sandstone  masonry  and  is 
founded  on  bed  rock.  The  mark  is  18  inches  west  from  the 
northeast  corner  of  said  schoolhouse  and  38  inches  above  bed 
rock.  Tho  letters  “U.  S.  C.  V.”  are  cut  into  the  masonry  near 
the  bolt. 
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BENCH  MAKES  ESTABLISHED  BY  PRECIHK  LEVEES  ALoNH  THE  ST.  LAWRENCE 
RIVER  BETWEEN  HOOANHBURO.  N  Y..  AND  CAPE  VINCENT,  N.  Y.  Continue.], 
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At  Chippewa  rtUa|>, M  Y 

Tum  top  ot  h  roundhead**!  one  fourth  inch  bras*  l>olt  ce 
tDontnl  into  ]»•.]  rook,  t  .*  t*-et  north  <>t  northwest  corner  of  a 
barn  on  i lie  property  of  Mr*  Al*-x  Wilson.  or  Brookdale  nn.l  i* 
lift)  feet  west  from  the  house  on  *v;»ul  farm  Tin-  bench  is  <«•  me 
ter*  southwest  from  P.  B.  M.  C  S'  Mini  is  covered  by  :t  inches 
ofsoil  The  letter*  "  l’  S.  P  B  M.St  are  cut  Into  the’  bed  rock 

Between  Chippewa  village  and  Alexandria  Bay.  N  Y 

The  top  of  a  rou  ml  headed  one  fourth  inch  bra***  bolt  re 
men  ted  into  l**d  rm*k .  uls.tit  thrc«*-fourtha  mile  northeaat  from 
county  lino  between  .I**fTiTH*in  and  St  Ijiwrence  counties. 
N.  S'.,  near  the  Callaisign  r<Hid.  on  the  property  of  Oro  Scher 
merhorn,  situated  nl«*.ut  :tf  mile*  above  Chip|M-wa  village 
The  liench  is  at  the  southwest  end  of  a  stone  fence  forming  a 
road  fence  for  the  property  of  Win  Catlln  and  I*  nlsnit  half 
way  lietween  the  dwelling*  of  aaid  Soheroierhorn  and  Catlin 

It  is  II  H  feet  northwest  of  the  fern . .  the  northwest  *h!e  ot 

the  Callulioga  road  and  im.l  f**et  west  from  a  blase*  1  Minch 
elm  tree  on  the  south  side  of  the  road  The  letters  l'  s  p  B 
M  -•V  are  cut  into  the  lied  r<«-k  and  the  l«*neh  1*  rove  red  by  tl 
inches  of  earth 

Between  Chipi<ewa  village  and  Alexandria  Bay.  N.  S’  .  _ 

The  top  of  a  round  headed  one  fourth  Inch  bra**  belt  ce 
merited  into  led  risk,  on  the  property  of  ttuorge  Springer.  Ill 
fis*t  south  of  the  center  line  of  the  riv.*r  road  ami  Kfti  f<***t  north 
east  from  the  intersection  of  tin*  riv**r  road  and  the  northw*-*t 
and  southeast  rand  to  Red  wood,  X.  S’  .  which  Intersection  is 
Hbontt)  miles  northeast  from  Alexandria  Bay.  N  S'  .  and  three 
fourths  mile  southwest  from  Springer’s  mill,  on  Crooked 
Creek.  The  ticnch  i*  Sts  f**et  southeast  from  a  frame  house  on 
the  north  side  of  th*>  riv*-r  road  and  ltl  "  f****t  south  from  the 
l*arn  in*ar  the  house.  The  h  *nch  i*  on  a  flat  surface  of  the 
ls*d  ris’k  ju*t  where  the  surface  drop*  off  toward  (Yanberry 
Creek.  The  letters  “  U.  S  P  B.  M  3ft”  are  out  Into  the  rock. 

Near  Alexandria  Bay,  N.  Y  .......  .  . 

The  ton  of  a  roiitullieaded  om*  fourth  in*'h  lira***  is>lt  ce 
meuted  into  b  *1  r*s'k.  on  the  pr«|s»rty  of  C  .SI  Tsmbhn,  Ml.} 
feet  south  of  the  south  fence  line  of  the  river  road,  about  ll 
miles  east  from  Alexandria  Bay.  The  mark  is  on  a  ledge  of 
bed  rock  raised  above  tin-  surrounding  ground  and  alsmt 
feet  east  from  the  Itarn  of  (’.  M  Tumbltn  and  lVKt  5  feet  south 
cast  from  a  small  frame  hou»<-  on  the  north  side  ui  the  river 
road  The  bench  is  covered  by  ti  inches  of  earth,  and  letter* 
“U.  S.  P  B.  M.  27”  ure  cut  into  the  r**k  at  the  bench.  The 
*ame  letter*  are  cut  into  the  exposed  rock  adjacent  to  the 
bench,  and  2  arrow*  cut  into  tin-  r*«-k  isiint  to  the  (Hwition  of 
the  1  tench. 

At  Alexandria  lia\  .N.Y  ...  . 

The  center  punch  mark  in  the  end  of  a  one-fourth  iuch  bra** 
l  olt  cemented  into  the  water  table  or  coping  stone  on  the  we*t 
side  and  *  meters  from  tin*  south*  e*t  corner  of  the  stone  build 
ing  known  us  "general  store”  of  Cornwall  Bros,  Alexandria 
Bay,  N  Y.  The  mark  is  2  3  feet  above  tin*  surface  of  the  ground 
and  the  letters  "  U.  S.  A  ”  are  cut  into  the  masonry. 

At  Alexandria  Bay,  N.  Y  .  . 

The  center  punch  mark  in  the  end  of  a  on**  fourth  iuch  bra.** 
Im.R  cemented  into  a  stone  on  tin*  front  of  the  Reform  Church 
at  Alexandria  Hav.  The  murk  is  (I  04  meter  als.ve  the  surface 
of  tiie  ground  a  id  1.7U  meters  uortliw*-*t  of  the  cu*t  corner  oi 
tin*  church.  Tin*  letters  ••  l\  H.  1>."  are  cut  into  the  masonry 

Between  Alexandria  Buy  and  ( 'layton.  N  Y  . 

The  top  of  a  round  headed  mu*  fourth  inch  liras*  holt  c«- 
mooted  into  ls*d  rock.  It  is  about  2  miles  southwest  of  Ah  x 
andriu  Bay  ami  one-fourth  mile  east  of  Meo.  Clyde  s  residence 
Tin*  I M'tich  mark  is  in  f***t  Southeast  of  a  fence  which  runs  S. 
•ft*  E.  from  the  east  corner  of  a  large  barn  on  the  southeast 
side  of  the  road,  and  i*  ltd  ft  feet  from  the  east  corner  of  the 
barn,  iMifwt  from  a  cross  road  leading  to  the  river,  and  feet 
southeast  of  the  southeast  fence  line  of  Clayton  Alexandr’ 
Hay  road.  Tin*  letter-  •!’  s  P.  B.  M  2J*  ’tirecnt  on  the  U*1  <•  k 
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Part  I — Continued. 


BENCH  MARKS  ESTABLISHED  BY  PRECISE  LEVELS  ALONG  THE  ST.  LAWRENCE 
RIVER  BETWEEN  HOGANSBURG,  N.  Y.,  AND  CAPE  VINCENT,  N.  Y.— Continued. 


Description  of  location. 

• 

1 

Distance  from  United 

States  Coast  Survey 

bench  mark  at  Green- 

bush,  N.  Y.,  in  miles. 

Elevation  above  bench 
mark  at  Greenbush, 
N.  Y. 

Elevation  above  mean 
tide  at  New  York. 

Between  Alexandria  Bay  and  Clayton,  N.  Y _ _ _ .  _ 

347. 9 

260. 65 

275. 38 

The  top  of  a  roundheaded  one-fourth  inch  brass  bolt  ce¬ 
mented  into  bed  rock  6  inches  below  the  surface  of  the  ground. 
In  front  of  Mrs.  Tom's  residence,  2.3  feet  southeast  of  fence; 
36  feet  northeast  of  north  fence  corner  at  the  cross  road  to 
Fischer’s  landing;  72.6  feet  from  the  south  corner  of  Mrs. 
Tom’s  residence,  and  131  feet  northwest  of  the  west  corner  of 
a  house  on  the  opposite  side  of  the  road.  The  letters  "U.  S.  P. 
B.  M.  29”  are  cut  on  the  bed  rock. 

Between  Alexandria  Bay  and  Clayton,  N.  Y-  - _ _ 

350.5 

250.52 

255. 2S 

The  top  of  a  roundheaded  one  fourth  inch  brass  bolt  ce¬ 
mented  into  bed  rdck,  on  the  north  side  of  road  opposite  the 
property  of  Fetterly,  16  feet  from  the  fence  line,  144  feet  west 
of  a  culvert  over  a  dried-up  creek  about  3  miles  northeast  of 
Clayton,  N.  Y.;  43  feet  east  of  the  southeast  corner  of  the  Fox 
property,  277  feet  west  of  the  northwest  corner  of  a  frame 
house  south  of  the  road,  about  one-fourth  of  a  mile  west  of  a 
schoolhouse  located  on  the  top  of  a  ridge  east  of  the  valley. 
The  letters  “U.  S.  P.  B.  M.  30”  are  cut  on  the  bed  rock. 

At  Clayton,  N.  Y .  . .  _  ..  .  . . 

a53.3 

265. 12 

279. 85 

The  center  punch  mark  in  the  end  of  a  one-fourth  inch  brass 
bolt  cemented  into  the  corner  stone  of  water  table,  6  inches 
from  the  southwest  corner  and  on  the  south  side  of  the  Catho 
lie  Church,  a  large  stone  building  in  Clayton,  N.  Y.  The  church 
is  on  the  east  side  of  James  street,  200  feet  southwest  of  the  in¬ 
tersection  with  Mary  street.  The  bench  mark  is  about  6  inches 
east  of  the  southwest  corner  of  the  church,  and  the  letters  “U. 
8.  A.”  are  cut  on  the  water  table  near  the  mark. 

At  Clayton,  N.Y  .  _  _  _  ..  _ .  _  _  _ _ _  .  _ ... 

353.5 

250. 68 

235. 41 

The  center  punch  mark  in  the  end  of  a  one-fourth  inch  brass 
bolt  cemented  into  the  corner  stone  of  the  water  table  on  the 
front  of  house,  8  inches  from  the  northwest  corner  of  the 
stone  residence  of  E.  C.  Porter,  on  the  east  side  of  John  street, 
between  Jane  and  Hugunin  streets,  in  Clayton,  N.  Y.  The  let¬ 
ters  “  U.  S.  B.”  are  cut  on  the  water  table. 

At  Clayton,  N.  Y  . ,..  ..  _ _ ... . . . . 

353.5 

246. 93 

251. 66 

The  center  punch  mark  in  the  end  of  a  one-fourth  inch  brass 
bolt  cemented  into  the  stone  of  masonry  wall  on  the  west  side 
of  the  stone  residence  of  Hall  B.  Dewey,  in  Clayton,  N.  Y.,  at 
the  southwest  corner  of  Hugunin  and  Merrick  streets,  and  one 
block  south  of  the  St.  Lawrence  River,  also  one  block  south¬ 
west  of  the  N.  Y.  C.  &  H.  R.  R.  R.  station.  The  bench  mark  is 
3.5  feet  from  the  northwest  corner  of  the  building  and  2.3  feet 
above  the  surface  of  the  ground.  The  .letters  “U.  S.  C.”  are 
cut  on  the  masonry. 

Between  Clayton  and  Cape  Vincent,  N.  Y - - - - - 

355. 8 

;J50. 98 

C65. 71 

The  top  of  a  round-headed  one-fourth  inch  brass  bolt  ce¬ 
mented  into  a  large  sandstone  bowlder,  which  is  set  firmly  in 
the  ground  and  which  is  5  feet  in  diameter  at  the  surface  of 
the  ground;  52  feet  south  of  an  angle  in  the  road  about  3  miles 
southwest  of  Clayton,  N.  Y.  It  is  on  the  timber  line,  at  the 
southwest  end  of  a  clearing  and  about  500  feet  southeast  of  a 
log  cabin  3.5  feet  north  of  a  spike  driven  in  a  blaze  (facing  the 
bench  mark)  on  a  14-incli  oak  tree.  The  letters  “  U.  S.P.  B.  M. 
31  ”  are  cut  on  the  bowlder. 

Between  Clayton  and  Cape  Vincent,  N.  Y._. . . . 

358. 7 

259. 17 

273. 90 

The  top  of  a  round-headed  one-fourth  inch  brass  bolt  ce¬ 
mented  into  bed  rock,  1  meter  west  of  the  vertical  ledge  of  rock 
along  a  creek  and  46.3  meters  S.  25°  E.  from  the  center  of  an 
arch  bridge  over  the  creek,  about  6  miles  southwest  of  Clay 
ton,  N.  Y. ;  10.3  meters  S.  20°  W.  irom  a  14-inch  elm  tree  east  of 
the  creek  and  11  meters  N.  20°  W.  from  an  18-inch  elm  west  of 
thecreek.  The  letters  “U.  S.P.  B.M.  32 ’’and  two  arrows  point¬ 
ing  toward  the  bench  mark  are  cut  on  the  bed  rock. 
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lH>ti’riptlon  of  location. 
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Elevation  above  bench 

mark  at  Greenbush. 

X.  Y. 

Elevation  above  mean 

tide  at  Xew  York. 

Between  Clayton  and  Cape  Vincent.  X  Y  .  . 

3H1.I1 

24«.  Ill 

2110.83 

Tin'  ton  of  a  rountt  h«*i44l«Ml  ono- fourth  inch  br/inn  iw>lt  ee 
m.-nt.-d  into  ls>d  rock  alxmt  HUJ  fc«et  oust  of  the  west  end  of 
Dodges  Bay.  on  the  north  side  of  tlio  road;  22  feet  from  the 
lodge  of  rock  at  tbo  shore.  So.  4  foot  west  of  n  in  inch  ash  tree. 
ft»  1  north  from  a  tuiil  driven  tan  Maze,  facing  the  mark,  on 

a  maple  tree  situated  on  the  fence  line  south  of  the  road:  tW  d 
feet  north  of  the  intersection  of  fence  along  south  side  of  road 
with  a  division-line  fence  to  the  south.  The  letter*  *’U  S.  P 

B  M.  33*’  and  arrows  pointing  to  ttie  mark  are  cut  on  the  bed 
r>ck,  which  is  covered  slightly  with  earth  and  sod 

Between  i  avton  and  Ca|>e  Vincent,  X.  Y 

M  n 

2  «i.  on 

an.  33 

The  top  of  a  round-headed  one-fourth  inch  brass  bolt, 
cemented  into  lied  rock  in  a  imaturo  north  of  road:  52U  feet  X 
r,7  ■  E  from  a  largo  bowlder  on  the  north  of  fence  line,  which 
bowlder  is  215 feet  west  of  10  foot  plank  bridge  over  a  dried  up 
creek  and  314  feet  w>-st  of  a  crossroad  leading  south  ton  frame 
house  at  the  foot  of  ft  hill  in  Hester  Wood*.  8.5  milea  below 
Cape  Vincent.  N.  Y.  The  ltcnch  mark  is  :tT  feet  east  from  a 
spike  on  the  blaze  of  a  12  inch  elm  tree.  The  letters  **U.  S  P 

11  Si.  31 "  are  cut  on  the  l»*d  rook. 

;tvs. 3 

240.  4.-. 

255. 18 

'hie  cen tor-punch  mark  in  the  end  of  n  one-fourth  inch  brass 
r.sl  cemented  in  the  corner  stone  at  the  southwest  corner  of 
the  United  States  Fish  llab  hery  i a  stone  buildingiat  Capo 
Vincent.  X.  Y.  The  mark  is  on  the  east  aide  of  the  building 
ii  :w  meter  from  the  corner  and  1  04  meters  al*»ve  the  surface 
of  the  ground.  The  letters  "  U.  8.  A"  are  cut  into  the  stone 

3HM.  H 

345.  78 

380. 51 

6n  n  1  Inch  square  smooth,  level  surface  cut  on  the  top  of 
water  table  12  inches  south  of  the  northwest  corner  of  the 
Jerome  House,  a  brick  hotel,  situated  at  the  northeast  corner 
of  ft  street  intersection  two  blocks  south  of  the  ( ’leveland  Seed 
Co. ‘s  dock  and  warehouse  at  Capo  Vincent,  N  Y  The  stone 
of  the  water  table  haB  cut  on  it  the  letters  **  LT.  S.  B  ” 

At  Cape  Vincent,  X.  Y .  . —  ..........  . — .... 

The  center-punch  mark  in  the  eud  of  a  one-fourth  inch  brass 
rod  cemented  in  the  corner  stone,  38  inches  west  of  the  north¬ 
east  corner  of  tower  of  Catholic  Church,  a  large  stone  build¬ 
ing  in  Cujio  Vincent,  X'.  Y.  The  letters  “  U.  8.  C."  are  cut  on 
the  corner  stone. 

At  Tibbets  Point,  near  Cape  Vincent,  X  Y  ..  . .  . 

:kw.7 

358.47 

273  20 

371.1 

25ii.  1A 

2 14.  HH 

The  center-punch  mark  in  the  end  of  a  one-fourth  inch  brass 
rod  cemented  in  foundation  stone  on  the  north  side  of  Tibis-ts 
Point  Light-House  tower  on  Tibbets  Point,  on  the  shore  of 
Igiko  Ontario.  The  mark  is  *1  inches  nhove  the  surface  of  the 
ground,  and  the  letters  •*  U.  S.  P.  B.  M.  IV'  are  cut  on  the 
foundation  atone. 
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Part  II. — Benc'i  marks  between  Lake  Erie  and  Lake  Ontario. 
LINE  FROM  BUFFALO  TO  OLCOTT,  VIA  TONAWANDA  AND  LOCKPORT. 


Location. 

Distance 
in  miles 
from 
Buffalo 
bench 
mark. 

Eleva¬ 
tion 
above 
bench 
mark, 
Buffalo, 
N.  Y. 

Eleva¬ 

tion 

above 

mean 

tide, 

New 

York. 

Buffalo  Light-House _ _ _ _ _ _ 

589. 81 

Bench  mark  is  located  on  east  corner  of  most  northerly  Buf¬ 
falo  light  house,  at  the  east  angle  and  on  the  upper  surface  of 
the  plinth  of  the  light-house  south  United  States  pier. 

International  Bridge,  Buffalo _ _ _  . 

Bench  mark  is  the  highest  point  of  square  cut  on  projecting 
ledge  of  third  stone  from  south  end,  fifth  course  below  bridge 
seat  of  east  abutment  of  International  Bridge  over  Erie  Canal. 

4.3 

4.7 

—10. 20 

—13.57 

579.61 

576. 24 

Bench  mark  is  square  cut  in  coping  of  lock  masonry  on  tow- 
path  side  opposite  hollow  quoin  of  upper  gate. 

Between  Buffalo  and  Tonawanda .  . .  . 

9.9 

— 13. 

576. 15 

Bench  mark  is  on  the  second  stone  below  the  coping  of  the 
south  end  of  the  west  abutment  of  Cherry’s  bridge.  It  is  a 
square  cut  on  a  stone  projecting  back  of  the  abutment. 
Tonawanda  . . .  .  . 

13.3 

—13. 77 

576. 04 

Bench  mark  is  a  square  cut  on  stone  water  table  on  west  side 
of  steeple  of  red-brick  church  at  the  southeast  corner  of  Broad 
and  Seymour  streets  (Christian  Chapel). 

Tonawanda . _ .  . - . - .  -- 

12.7 

— 14.83 

574.98 

Bench  mark  is  a  square  cut  on  the  northeast  surface  stone  of 
the  south  abutment  of  the  Tonawanda  Dam,  between  bolted 
iron  bars. 

North  Tonawanda  . .  . . .  .  . 

13.5 

—  10.21 

579. 60 

Bench  mark  is  a  half -square  cut  on  top  stone  step  of  east  en¬ 
trance  to  Ascension  Church,  corner  Vandevoort  and  Robinson 
streets,  at  west  corner  doorsill. 

North  Tonawanda  _  --  . . 

13.7 

—  11.17 

578. 64 

Bench  mark  is  a  square  cut  on  the  cut-stone  water  table  at 
the  left  of  the  entrance  to  the  old  engine  house  (1873)  of  the 
Tonawanda  Iron  and  Steel  Co. 

Sawyers  Creek  .  . . _ . . .  ..  ..  ..  . .  _  .  _ 

16.4 

—  8.48 

581.33 

'  Bench  mark  is  a  square  cut  on  stone  water  table  at  southwest 
corner  of  barrel-organ  factory. 

Pendleton  Center  .  . .  .  ... 

31.6 

+  1.22 

591.03 

Bench  mark  is  a  square  cut  on  top  of  bowlder,  about  3  feet 
in  diameter,  of  light-colored  gneiss  or  granite.  The  bowlder 
is  on  east  side  of  highway,  and  about  400  feet  north  of  Erie 
R.  R.  station. 

Pendleton  Center  .  . . . . . 

ft 

+  31. 06 

620.87 

Bench  mark  is  a  square  cut  on  the  corner  of  stone  water 
table  at  the  west  corner  of  brick  house  owned  by  H.  S.  Taylor. 
Building  is  east  of  the  church. 

Lockport  .  .  . . . . . . 

26.0 

+  0.44 

590. 35 

Bench  mark  is  a  square  cut  on  projection  of  stone  at  angle 
of  abutment  and  wing  wall,  lower  course,  south  angle  of  west 
abutment  of  the  more  westerly  of  the  two  subways  under  the 
N.  Y.  C.  R.  R.,  at  head  of  gulf,  about  1  mile  west  of  Lockport. 

28.2 

—189. 38 

400.43 

Bench  mark  is  a  square  cut  on  north  corner  of  water  table  of 
two-story  red-brick  dwelling  occupied  by  Mr.  Pickles.  Build¬ 
ing  is  on  the  stone  road  about  2i  miles  northwest  of  Lockport. 
Schoolhouse  No.  13,  town  of  Lockport . . . . . . ...... 

31.1 

—217. 79 

372. 02 

Bench  mark  is  a  square  cut  on  west  end  of  stone  doorstep  of 
red- brick  schoolhouse.  Building  is  at  intersection  of  turn- 
a  pike  and  Ewing  road. 

Wrights  Corners  post-office . . . .  .  _  . 

32.9 

—185. 49 

404.32 

Bench  mark'is  square  cut  on  stone  water  table  on  two-story 
brick  residence  occupied  by  Mr.  Boist,  at  northeast  corner  of 
house  House  is  about  300  feet  north  of  intersection  of  Lake 
avenue  and  turnpike  road. 

Cemetery  United  States  Geological  Survev . . . 

—232. 93 

356. 88 

Bencn  mark  is  loop  of  capital  P,  on  lot  monument,  Pettit  lot, 
southeast  corner.  Cemetery  is  on  east  side  of  Lake  avenue,  1) 
miles  south  of  village  of  Newfane.  (See  report  of  New  York 
State  engineer,  1800,  page  153.)  Elevation  355.60+1.085,  differ¬ 
ence  in  datum,  =  350.09. 

N e wf ane  .  ...  .  . .  .  . . .  . 

33.  9 

—284.63 

305.18 

Bench  mark  is  a  square  cut  on  cut-stone  bridge  seat  of  iron 
highway  bridge  on  crossroad  over  Eighteen  Mile  Creek  in 
northern  portion  of  village.  Square  is  at  north  end  of  east 
abutment. 

Schnolbnnse  No.  10  town  of  Newfane .  .  .  ..  .  _ 

35. 7 

—259. 54 

330.27 

Bench  mark  is  square  cut  on  southwest  corner  of  stone 
water  table  of  brick  schoolhouse  on  west  creek  road,  about 
3,700  feet  north  of  Newfane  station. 
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P.vltT  IT.  —  Bruch  marks  between  Luke  Erie  arid  Lake  Ontario — Continued. 


LINK.  FROM  BUFFALO  T<  >  OLCOTT.  VIA  TONAWANDA  AND  LO(  KPORT  Continued. 


Location. 

Distance 
in  miles 
f  rom 
Buffalo 
ts-noh 
mark. 

Eleva- 
t  ion 

above 

ls-m-ii 

mark. 

Buffalo. 

NY 

Eleva¬ 

tion 

above 

mean 

tide. 

New 

York. 

37  7 

-3m  47 

288. 34 

Bench  mark  is  square  cut  on  stone  wafer  table  at  southwest 
corner  of  one  story  school  bouse.distrlct  No  11.  town  of  Newfane 
Olcott  . . .  . 

37.7 

-:cn).  54 

251)27 

Bondi  mark  is  square  cut  on  stone  water  table  at  southwest 
corner  of  two  story  red  brick  building  occupied  as  a  general 
store  by  C.  D  shaw  Building  i*  on  north  side  of  street  and 
alsnit  71*)  feet  west  of  creek. 

Bench  mark  is  a  square  cut  on  south  end  of  stone  doorsill  of 
front  entrance  to  First  Universallst  Church,  a  red-brick  build 
ing  erected  in  lsftH. 

3H.0 

-308.  45 

287.  :»*) 

BENCH  MARKS. )N  CANADIAN  SIDE  OF  NIAGARA  RIVER.  FROM  INTERNATIONAL 

HRIDOK  TO  FOOT  OF  LAKE  ERIE. 

INotk  The  elevations  given  in  fhe-*t  Hut*  depend  nn  the  elevation  of  588.807  above  moan  tide 
at  Now  York  of  the  bench  mark  on  light  house  at  Buffalo,  determined  from  the  United  State* 
Lake  Survey.] 


International  Bridge  . 

Benchmark  i*  a  square  cut  on  projecting  face  of  atone  of 
fourth  course  lielow  bridge  neat  of  en*t  or  American  abutment 
of  main  bridge  over  Ningura  River  It  is  on  the  north  face  of 
*tone  at  the  north  went  corner  of  abutment 
International  Bridge 

Bench  mark  i«  a  *<|narecti t  on  projecting  face  of  stone  of  fifth 
course  lielow  bridge  *.>at  at  northeast  corner  of  we*t  or  Cana¬ 
dian  abutment 

Port  Erie  ... . 

Bench  mark  i*  the  head  ofa  rpikedrivenin  tiench  cut  on  r<K>t 
of  cotton  wood  tree  The  tr.a-  isabout  £J)  f<*-t  north  of  the  Fort 
Erie  Ferry  landing  and  about  10  foot  eaat  of  the  M.C  R  R  track* 
Lake  Erie  . 

Bench  mark  is  the  bead  of  a  spike  driven  in  tiench  cut  on  north 
tree  of  row  of  six  willow*  ju*t  south  of  group  of  five  willow* 
in  front  or  Constable  Metcalf*  house  at  the  head  of  Niagara 
River  on  ( 'anudtan  aide 


Crossing  of  R  &  N.  F.  F.  R  R.  over  N  Y.  C  *  Erie  R  Rs 

Bench  mark  i*  the  topof  1 -inch  anchor  bolt  t  marked  "  X  "  with 
chisel)  in  the  north  foundation  of  the  first  Iron  t re* tie  lien t 
west  of  the  eaat  abutment.  Bolt  is  the  northeast  Isilt  of  four 
ill  foundation. 

Town  of  Wbeatfleld,  District  No.  2 . . 

Bench  mark  is  a  square  cut  on  Mouth  end  of  stone  water  table 
on  eaat  front  of  brick  schoolbouse 

Ijisalle  .  . 

Bench  mark  is  the  summit  of  a  si|uarecuton  northwest  corner 
of  bridge  seat  of  east  abutment  of  N  Y  C  R  K.  bridge  over 
Cayuga  Creek  iust  south  of  the  I.asulle  station 

Town  of  Niagara,  District  No.  5 . . . . 

Bench  mark  i*  the  summit  of  a  square  cut  on  the  southwest 
corner  of  stone  wutcr  table  on  brick  schoolhouse 

Echota  .  . 

Bench  mark  is  u  square  cut  on  cut  stone doorsill  of  west  d<*ir 
of  south  face  of  N.  Y  C.R  R.  station  Mark  is  ut  west  end  of  sill 
Niagara  Falla  Power  Co . . 

Bench  mark  is  a  small  square  cut  on  northwest  corner  of 
square  stone  a  5  inches  square  set  in  concrete  about  1(1  feet  west 
or  entrance  to  main  power  house.  It  is  in  gutter  at  front  of 
building  and  a  reference  stone  for  tunnel  center  line.  There 
is  a  leud  plug  in  ton. 

Niagara  Falls  Power  Co.'s  bench. . . . 

Bench  mark  is  the  ton  of  a  spike  in  w.shI  set  down  in  pit  with 
brick  walls  at  foot  of  elm  tree  ft  feet  in  diameter.  Tree  is  just 
outside  of  curb  ou  Buffalo  avenue  and  Kill  feet  west  of  entrance 
to  i>ower  house  Pit  is  covered  with  flat  stone  15  inches  square, 
with  iron  ring  in  top. 


4.8 

-7.7B 

4.7 

— 10.  00 

8.0 

—18.48 

7.8 

— 7.U2 

NIAGARA  FALLS. 

15.8 

-17.47 

18.0 

—13  45 

18.4 

— 18.  ;w 

13.4 

—14.75 

21.4 

-17. 12 

22.8 

-23  47 

22.8 

—23.  on 

.ve  ib 


5TB.  21 


570  :« 


581.88 


57ft. 38 
571.42 

575.08 
572  88 
5*  St!.  34 

588. 81 
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Part  II. — Bench,  marks  between  Lake  Erie  and  Lake  Ontario — (  O:  tinned. 

BENCH  MARKS  FROM  LASALLE  TO  LEWISTON. 

[See  page  1015.] 


Location. 

Distance 
in  miles 
from 
Buffalo 
bench 
mark. 

Eleva¬ 
tion 
above 
bench 
mark, 
Buffalo, 
N.  Y. 

Eleva¬ 

tion 

above 

mean 

tide, 

New 

York. 

Lockport  Branch  N.  Y.  C.  R.  R . . . . . 

21.8 

+16.35 

606. 16 

Bench  mark  is  a  square  cut  at  northwest  corner  of  cut-stone 
monument  between  tracks.  Monument  is  numbered  l(i  and  is 
at  a  point  about  600  feet  west  of  military  road,  where  Cataract 
Construction  Co.'s  line  branches  to  southwest. 

Lewiston . .  . . . __  .  . 

25. 5 

+  10. 93 

600. 74 

Bench  mark  is  the  summit  of  a  square  cut  on  flat  rock  approx¬ 
imately  30  feet  from  north  pillar  of  Penjerrick  gateway.  Gate¬ 
way  is  on  military  road  about  200  feet  south  of  junction  with 
river  road,  just  south  of  the  escarpment. 

Lewiston .  _ .  . 

26. 5 

—188. 60 

401.21 

Bench  mark  is  a  square  cut  on  northwest  corner  of  doorsill 
of  north  door  of  west  wing  of  seminary  building,  Center  and 
Ninth  streets. 

Lewiston  . .  . . . - . -  - . .  - _ 

26.  5 

—226. 59 

363. 22 

Bench  mark  is  a  square  cut  on  water  table  northeast  corner 
of  foundation  of  brick  store  owned  by  Eugene  Murphy.  Build¬ 
ing  is  on  lot  No.  252,  on  south  side  of  Center  street  between 
Fourth  and  Fifth  streets. 

Lewiston .  .  ,  . 

— 261. 64 

325. 17 

Head  of  spike  driven  in  bench  cut  on  root  of  white-oak  tree 
12  inches  diameter.  Tree  is  just  west  of  river  road,  1.3  miles 
north  of  Lewiston  and  about  1 ,600  feet  north  of  the  residence 
of  F.  Hays. 

Lewiston  . . - . . . . . 

2.5.5 

—305. 25 

284. 56 

Bench  mark  is  a  square  cut  on  top  of  west  wing  of  north 
abutment  of  trestle  No.  2,  on  Gorge  route  over  Fish  Creek, 
about  5,600  feet  south  of  N.  Y.  C.  R.  R.  station.  The  square  is 
on  the  southeast  corner  of  fifth  stone  from  west  end  of  wing. 

Part  III. — Bench  marks  established  by  precise  levels  along  the  Detroit  River, 
Lake  St.  Clair,  and  the  St.  Clair  River  between  Gibraltar  and  Port  Huron, 
Mich. 


Eleva- 

Distance 

tion  in 

Eleva- 

in  miles 

feet 

tion  in 

from 

above 

feet 

Description. 

bench 
mark  at 

the 

bench 

above 

mean 

Gibral- 

mark  at 

tide  at 

tar. 

Gibral- 

New 

Mich. 

tar, 

Mich. 

York. 

At  Gibraltar,  Mich . . .  _  . . 

582. 45 

The  center  of  small  hole  in  the  head  of  a  copper  bolt,  leaded 

horizontally,  in  the  foundation  wall  of  light  house  tower  (now 
abandoned  and  used  as  a  dwelling)  at  its  southeast  corner,  east 
face,  and  in  the  fourth  course  of  masonry  below  the  cut  sand 
stone  water  table.  This  corresponds  to  the  United  States 

bench  mark  “Gibraltar  ”  of  1877;  elevation,  582.45 

At  Gibraltar,  Mich  .  . . . 

2.51 

584. 96 

On  the  same  light-house  as  above  (now  used  as  a  dwelling 
house).  On  the  southeast  corner  of  the  stone  doorsill  of  the 
door  in  the  southeast  angle  of  the  building;  being  marked  by 
a  right  angle  cut  on  the  stone.  This  corresponds  to  bench 
mark  2  of  1875;  elevation,  584.97. 

At  Gibraltar,  Mich _  .  _  _ 

0.2 

5.  08 

587. 53 

In  the  south  part  of  the  town,  on  lake  front,  in  the  rear  of 
Mr.  Edward  Hall’s  dock  and  boathouse.  75  feet  southwest  of 
his  house,  in  the  northeast  corner  of  stone  milk  house,  in  east 
face  8  inches  south  from  corner,  and  4  feet  4  inches  above 
ground;  being  center  mark  of  brass  bolt,  leaded  horizontally. 

At  Trenton,  Mich  -  . 

4.0 

20.  97 

603. 42 

On  the  southeast  corner  of  Washington  avenue  and  St.  Jos- 

eph  street,  in  the  northwest  corner  of  “Commercial  Hotel.”  in 
west  face,  second  stone  from  corner,  and  in  first  course  below 

water  table;  being  center  of  small  hole  in  copper  bolt,  leaded 
horizontally.  This  corresponds  to  United  States  bench  mark 
“Trenton  ”  of  1877;  elevation,  603.42 
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Part  in.— Hatch  marks  rstablinhed  by  precise  b  n  Is  atony  the  Detroit 
iMke  St.  <lan\  ami  the  St.  ('lair  River  bit  tree  n  Gibraltar  and  Port 
Mirh. — ( ’ontinned. 


1  lescnptlon. 


Eleva¬ 

Distance 

tion  in 

1  in  miles 

feet 

1  from 

above 

ls<nch 

the 

1  mark  at 

tiench 

1  Gibral¬ 

mark  at 

tar, 

Gibral¬ 

i  Mich 

tar. 

Mich. 

At  1’ ronton,  Mi'  h . 

t  m>  tin*  northwest  inmi'r  of  st.  Joseph  sintR  uml  Warning 
tuti  avenue,  lti  stone  lnwof  store  building  Isdonging  to  Joseph 
Anderson,  6  feet  4  inches  north  of  north  hide  of  floor  and  4] 
iuclios  -..111:1  of  north  |>illnr  and  4  indies  Imck  from  face,  lhdn({ 
t<»pof  liraw viTtlrally.and  marked  "1.8.  I*.  B  M. 

Between  Trenton  and  Wyandotte.  Mich  .  -  . 

The  th>n<h  murk  in  2.ft2ft  feet  atiovo  Bibley’s  stone  ijuarry 
(crushing  plant  .  on  the  north  aide  of  Mud  street  and  354  feet 
vre-t  of  center  of  South  r- -a«l.  in  foundation  of  F.  It  Sibley  » 
r.  sidonco,  in  first  course  l>elow  l*aso  Laird  nud  1  •'»  feet  alsive 
ground.  1s  t*  feet  south  of  the  northeast  corner,  l*dng  center  of 
punch  murk  in  brass  Isdt,  leaded  horizontally,  ami  marked 

U.  K. 


1* 


g«. 


At  Wyandotte,  Mich . . . . ••••  . 

On  the  west  side  of  Biddle  avenue.  171  feet  south  of  south  side 
t»f  flak  street,  in  smith  pisle-tal  stone  «>f  south  pillar  of  brick 
store,  used  a-  meat  market,  owned  by  I  1*  lHds>  It  is  s 

inches  east  of  fa . .  building  ami  44  inches  north  of  north  face 

of  pillar.  I  icing  top  of  liras-  Isilt.  leaded  vertically, ami  murk.-d 

U.  8 

P  B  M. 

A •  andi .ii.  Mich  .  ■ ,  ,  ■  ,  ■ 

It  is  J.;m  feet  west  of  Biddle  avenue,  on  south  side  of  oak 
street,  in  Union  School  building,  on  north  side  of  foundation, 
in  third  course  of  masonry  below  the  water  table  iticlomsi  by 
tire  escape  wire  scn-eii,  I -dug  center  of  -mall  hole  iu  head  of 
•  l*  H 

copper  bolt,  leaded  horizontally,  and  marked  p  p ' 

This  corresponds  to  United  States  Wnfh  mark  "Wyandotte 
of  1KTT;  elevation,  VW.27. 

A  •  l  .•  ■  ■!  ae  M lob 

On  the  east  aide  of  river  roail.  at  the  foot  of  La  bad  if  street, 
on  Mr  \V  1>  Smith’s  residence.  in  tlieea-t  face  of  foumlation. 
1114  inches  frfun  the  southeast  corner,  in  the  aeventh  course  of 
brn  k  below  the  lm-e  Issird,  Iwing  center  mark  of  brass  Isilt, 
leaded  horizontally. 

A  t  Ecorac.  Mich .  .  • .  ............. ..  ■  -  -  ...... 

OpjHwfite  the  head  of  Fighting  Island,  at  the  Tecumseh  Salt 
Works.  138  feet  east  of  the  northeast  corner  of  Vsiiler  ris.m.  on 
rivf>r  front  at  the  end  of  ruilr.md  track,  II  feet  we-t  of  the 
bumper  and  4j  feet  north  of  north  rail,  on  top  of  pile  It:  inches 
in  diameter  and  14  Inches  alsive  ground,  being  top  of  3kl  wire 
s]dke  driven  to  surface  and  circumscribed  by  a  --inch  square 
cut  into  the  wissl  by  a  cold  chisel. 

At  llelrav.  Midi 

At  tln<  northeast  corner  of  River  and  Louts  streets,  on  the 
west  side  of  first  enframe  east  from  Louis  street,  011  the  south 
west  corner  of  pedestal  stone  of  west  pillar  of  doorway.  Isdng 
the  corner  of  stone  marked  by  two  lines  cut  at  right  angles 
with  each  other  and  forming  a  square. 

At  Detroit,  Mich  . 

In  the  southwest  quarter  of  the  Fort  Wayne  grounds. on  the 
river  front  of  building  No.  fin,  officers' quarters.  in  the  center 
of  water  table  course,  31  inches  east  from  vertical  center  line 
of  fnmtof  building. ami  3  foot  ft  incbeaulaive  the  ground,  being 

center  of  brass  lsdt,  leaded  horizontally,  and  marked  p'  p'  j| 

▲t Detroit,  Mich  .  .......  ................  .. 

i  in  the  south  side  of  At  water  st  root  east,  one  block  and  a  half 
east  of  Wisslward  avenue,  on  the  office  building  of  the  city 
electric  lighting  plant,  on  the  west  end  of  dooratone  of  front 
entrance.  ft  inches  east  of  we-t  face  and  4  inches  uorthof  south 
face,  being  top  of  brass  bolt,  leuded  vertically,  and  marked 

U.  B. 


B  M. 


At  Detroit,  Mich . 

On  the  foundation  of  the  light-house  depot,  *  2  feet  lielow 
outer  edge  of  the  water  table,  on  the  west  disir  jamb  of  south 
door:  being  center  of  cross  cut  in  t  he  stone  This  corresponds 
to  United  Stales  liencb  marl:  Detroit.  I'7I  eleva'ion,  .r>M4  7a 


4.0  ll».  Is 


fi.l 


s.m 


i*.  3 


lift 


12.  ti 


KM«I 


3  21 


3  Mf. 


l:..  M 


If.  2 


31. 0 


21.7 


2.86 


-3  Mil 


10. 7V 


Pens 


.411 


2  ‘21 1 


River, 

Huron, 


Eleva¬ 
tion  iu 
feel 
above 
mean 
t  Ide  at 
N .  ■  w 
York. 


601.03 


ftwt. 


ftHft.  141 


ftMf.  31 


ftfq  70 


:.7m.iio 


M<i  24 


601.43 


.r4t>.  M 


ftM4  74 
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Part  III. — Bench  marks  established  by  precise  levels  along  the  Detroit  River, 
Lake  St.  Clair ,  and  the  St.  Clair  River  between  Gibraltar  and  Port  Huron , 
Mich.  — Continued. 


Description. 

Distance 
in  miles 
from 
bench 
mark  at 
Gibral¬ 
tar, 
Mich. 

Eleva¬ 
tion  in 
feet 
above 
the 
bench 
mark  at 
G  ibral- 
tar, 
Mich. 

Eleva¬ 
tion  in 
feet 
above 
mean 
tide  at 
New 
York. 

At  Detroit,  Mich . . . . . . . . 

21.9 

10.28 

592. 73 

At  the  northeast  corner  of  Wight  street  and  Mount  Elliott, 
on  the  north  end  of  doorstep  of  west  entrance  to  Ireland  & 
Matthews  Manufacturing  Co.,  5  inches  from  north  end  of  step, 
and  3}  inches  from  front  edge  of  stone;  being  top  of  brass  bolt, 

"  U.  S. 

leaded  vertically,  marked  □ 

P.  B.  M.” 

At  Detz’oit,  Mich .  .  . .  .  . 

23.7 

5.04 

587.49 

At  the  Detroit  Waterworks,  on  standpipe  tower,  on  side 
facing  the  river,  on  southwest  end  of  doorstone  of  entrance  to 
tower,  5  inches  northeast  from  vertical  face  and  4  inches  from 
edge  of  stone;  being  top  of  brass  bolt,  leaded  vertically,  and 
“  IT.  S. 

marked  □ 

P.  B  M.” 

Near  Detroit,  Mich _ _ _ _  _ _ _ 

26.3 

1.70 

584. 15 

At  Windmill  Point  light-house  station,  on  the  southwest  cor¬ 
ner  of  keeper’s  house,  2  feet  5  inches  east  from  sloping  corner, 
in  third  course  of  masonry  below  water  table,  and  3 4  feet  above 
ground;  being  center  mark  in  brass  bolt,  leaded  horizontally, 

•u.  S. 

and  marked  □ 

P.  B.  M.” 

Near  Detroit,  Mich  . . . . . . . . . 

26.3 

.24 

582. 69 

At  Windmill  Point,  in  the  foundation  of  light-house  tower,  in 
its  north  by  east  face,  in  fifth  course  of  the  masonry  below  the 
cut  stone  water  table;  being  a  horizontal  groove  cut  in  stone 
slab,  21  by  14  inches,  on  face  set  in  flush  with  masonry,  and 
,  known  as  old  bench  mark  “  W.” 

Near  Grosse  Point,  Mich . . . 

27.8 

9.56 

592. 01 

At  “Cottage  Grove  Post-Office  ”  on  the  southwest  corner  of 
Chas.  Seitz’s  house,  71  feet  west  of  corner,  and  41  inches  below 
west  end  of  stone  window  sill,  and  2  feet  21  inches  above  stone¬ 
work  of  foundation,  in  second  course  of  brickwork  below  win¬ 
dow  sill;  being  center  of  brass  bolt  and  leaded  horizontally. 

At  New  Baltimore,  Mich . . .  - _ _ _ 

56.0 

7.  74 

590. 19 

In  the  southwestern  part,  on  the  lake  front,  on  the  north¬ 
west  side  of  Main  street,  in  the  front  face  of  foundation  of 
house  owned  by  heirs  of  Edward  Rose,  7  inches  west  of  cellar 
window,  and  5  inches  below  water  table;  being  center  mark  of 

brass  bolt,  leaded  horizontally,  and  marked  p^g  S-^  ,, 

At  New  Baltimore,  Mich _ _ _ _ _ 

56.4 

6.09 

588.51 

At  the  southwest  corner  of  Main  and  Washington  streets,  on 
the  corner  building  owned  by  William  Baker,  north  side,  in  the 
window  base  of  west  window,  9  inches  east  of  west  end  of 
stone,  and  4  inches  from  its  front  edge;  being  top  of  brass  bolt, 

“  IT  S 

leaded  vertically,  and  marked  p  g  „ 

At  New  Baltimore,  Mich  . . . . . 

56. 7 

17. 56 

6C0.01 

About  1,900  feet  above  Washington  street,  on  east  side  of 
Main  street,  at  the  northwest  corner  of  Henry  C.  Schnoor’s 
residence,  in  water  table,  6  inches  east  of  its  west  end;  being 
center  mark  of  brass  bolt,  leaded  horizontally,  and  marked 
“  U.  S. 

P.  B.  M.” 

Between  Swan  Creek  and  Fair  Haven,  Mich . . . — 

61.2 

1.29 

583. 74 

About  1  mile  west  of  Fair  Haven,  and  about  a  half  mile  east  of 
Swan  Creek,  at  the  southwest  corner  of  Mrs.  C.  Rose’s  house, 
south  face;  in  the  foundation,  fourth  course  above  ground, 
second  course  below  water  table;  being  center  mark  of  brass 

XT  S 

bolt,  leaded  horizontally,  and  marked  p  g  ’■jyj 

At  Fair  Haven,  Mich . . . — . . . 

62.1 

.96 

583.43 

At  Henry  C.  Schnoor’s  stave  mill,  on  the  lake  front,  in  the 
south  face  of  brick  chimney  near  the  boiler-room  door,  in  the 
tenth  brick  east  from  west  face,  and  in  the  twenty-second 
course  of  brick  above  the  ground;  being  center  mark  of  brass 
bolt,  leaded  horizontally. 

II.  Doc.  149  66 
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P\ur  III  —Reach  murks  estnblislieil  In/  precise  levels  along  the  Detroit  River, 
‘bike  St.  ('loir,  o ml  the  St.  Clair  River  between  Gibraltar  ami  Port  Huron , 
Mich. — Continued. 


I  leserlptton. 


At  Algonac,  Mich . . . . . .  •••••  . 

In  tho  foundation  of  public  school,  at  the  northeast  corner  or 
cant  wing,  in  north  face  of  corner  atone;  beingcenter  mark  of 

brass  bolt,  leaded  horizontally,  anil  marked  p  M 

At  Algonac,  Mich  .  . .  - . .  •  -  - 

In  the  foundation  or  the  town  hall,  on  It. a  east  fare,  sixth 
brick  south  from  the  northeast  corner,  and  in  the  eighth  course 
of  brick  above  stone  foundation;  ts-lng  center  mark  of  brass 
lx*lt,  leaded  horizontally. 

Near  Bolwrts  Landing.  Mich . . —  • 

Aliout  one-half  mile  north  of  Roberta  Landing,  on  the  river 
front,  on  the  boose  owned  by  I>  B  Hhier  and  A  S  i  reutuan.  on 
the  north  face  in  tho  corner  brick  at  the  northwest  corner  of 
kitchen,  in  tile  aixtis'iith  coarse  above  ground;  being  center 
mark  in  brass  liolt,  leaded  horizontally. 

At  Marine  City.  Mich  .  , 

On  tho  Houtbea^t  corner  of  Wntor  l  nion  in  tn*» 

Marine  fit  y  Stave  Co  s  store,  near  northwest  corner,  on  atone 
1 4i.se  under  window,  h  inches  aouth  of  north  end  and  it  inches 
from  front  0(1k<*;  beiogtopof  biw  bolt,  h^tdod  horizon tally, 

and  marked  p 

At  Marine  City.  Mich . . vv  "","."  . 

On  the  northweat  corner  of  Main  and  Broad  streets.  on  the 
city  hall,  near  its  southeast  corner,  at  the  window  entrance 
to  corridor,  2  feet  5  indies  atove  the  ground,  5  inches  south  of 
the  north  lam;  being  the  top  of  a  brass  iiolt,  leaded  vertically, 

IT 

and  marked  p  p‘ 

At  Marine  City.  Mich  ..  . -•••- . . .  .  — 

In  the  upper  part  of  thecity.at  thecity  waterworks  building, 
on  we«t  fail". ft  inches  north  from  the  southwest  corner, and  -i 
foot  above  icrouud;  Ix’iuK  centiT  mark  of  bran*  bolt,  l»*dw 
horizontally. 

At  East  i  Inna.  Mich 

A  half  mile  above  Ricord's  dock. on riverfront, in  foundation 
of  Rankin's  house,  southside.  between  kitchen  and  cellar  doors, 
in  im  hes  east  of  east  kitchen  door  jam.  Tj  inches  l.-low  weather 
lssird  and  1*  inches  alsive  ground;  being  center  mark  of  brass 

l«olt,  leaded  horizontally,  and  marked  p 

At  St.  Clair.  Mich . . - .  . vv"o  , ,, 

In  the  lower  part  of  the  town,  on  river  front,  at  John  Hehlln 
kert's  coal  yard,  in  brick  wall  of  "old  storehouse.”  <1  inches 
north  from  the  sontheast  corner  and  ♦  1  feet  alsive  ground,  and 
in  the  twenty  first  course  of  brick  Isdow  woodwork  of  gable; 
being  center  mark  in  brass  l>olt.  leaded  horizontally 

At  st.  i  lair,  Mich...........  .  . .  ..... 

At  the  city  waterworks,  ft  feet  7i  inches  south  of  south  end 
of  door  stone  at  main  entrance,  in  water  table;  bciug  top  of 

IT  H 

brass  bolt,  leaded  vertically,  and  marked  p  B'  M 

At  St  Clair,  Mich .  . - - . . 

On  the  top  of  north  hill,  on  west  side  of  front  street.  In 
foundation  of  Mr  Mark  Hopkins's  residence,  in  the  east  face,  in 

. . ml  stone  south  of  the  northeast  corner,  top  course  of  ma 

sonry;  being  center  mark  in  brass  l*olt,  leaded  horizontally, 
I  ’  s 

marked  p  g  M 

A  t  M  arysville,  Mich  .  .........  ......  .  .  ........  ■  •  ■  ■ 

Diagonally  opposite  Marysville  Hotel,  in  foundation  of  N  B 
Mills's  store,  in  second  brick  east  from  west  corner  and  in 
seventh  course  uliove  stone  foundation;  ln?ing  center  mark  in 
brass  liolt.  leaded  horizontally. 

At  Marysville,  Mi<-h  . 

At  the  upper  mill  (Sunburn  sawmill),  on  chimney  bearing 
stone  marked  "1871."  in  west  end  of  south  face  in  corner  brick, 
seventeenth  course  alsive  the  stone  foundation;  being  center 
mark  in  brass  bolt,  leaded  horizontally. 


Eleva- 

Distance 

tion  in 

Eleva- 

in  miles 

feet 

tion  in 

from 

alsive 

feet 

lieneh 

the 

nliove 

mark  at 

bench 

mean 

(librul- 

mark  at 

tide  at 

tar. 

Uibral- 

New 

Mich. 

tar. 

Mich. 

York. 

08.6 

2.30 

584.84 

08.7 

2.84 

685.01 

72.7 

2.00 

565.14 

7ft.  0 


7H.3 


7ft.  6 


7#.  7 


83.  ft 


Hi.  1 


Hi  4 


80. 7 


St*,  t) 


3.05 


5.05 


7.34 


8  34 


17.17 


0.30 


44  TV 


7.51 


4.00 


5H0. 40 


588.10 


580.70 


5U0.  79 


,799.62 


588.75 


827.24 


689. 00 


587.11 
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Part  III. — Bench  marks  established  by  precise  levels  along  the  Detroit  River, 
Lake  St.  Clair ,  and  the  St.  Clair  River  between  Gibraltar  and  Port  Huron, 
Mich. — Continued. 


Description. 


Near  Port  Huron,  Mich . . 

About  2  miles  below  Black  River,  Port  Huron,  on  river,  at 
A1  verson  &  Dunford’s  dry  dock,  in  south  face  of  the  boiler 
house  of  pumping  station,  in  top  course  of  stone  foundation, 
10  inches  west  from  west  face  of  coal  door  and  6  inches  below 
top  of  stone;  being  center  mark  of  brass  bolt,  leaded  horizon- 
11  S 

tally,  and  marked  p  g 


Distance 

Eleva¬ 
tion  in 

Eleva- 

in  miles 

feet 

tion  in 

from 

above 

feet 

bench 

the 

above 

mark  at 

bench 

mean 

Gibrai- 

mark  at 

tide  at 

tar, 

Gibrai- 

New 

Mich. 

tar. 

York. 

Mich. 

93.3 

14.22 

596. 67 

At  Port  Huron,  Mich . 

It  is  290  feet  south  of  Black  River,  on  west  side  of  Military 
street,  on  the  opera  house  block,  at  center  post  of  front  en¬ 
trance,  on  the  extreme  southeast  corner  of  iron  plate;  being 
surface  inside  of  square  1  inch  on  a  side. 

At  Port  Huron,  Mich . 

On  the  court-house,  on  the  stone  door  step  of  the  northeast 
basement  door,  44  inches  south  of  south  jam  and  34  inches  from 
front  edge;  being  top  of  brass  bolt,  leaded  vertically,  and 

marked  p^g^yr 

At  Port  Huron.  Mich . . 

At  the  city  waterworks,  at  the  south  end  of  coal  shed,  66  feet 
south  of  south  face  of  main  building,  on  coping  stone  of  the 
south  retaining  wall,  6  inches  from  its  south  face  and  6  inches 
from  its  east  end,  at  which  point  of  wall  of  south  end  of  coal 
shed  rises  vertically  3  feet  to  upper  coping;  being  top  of  brass 

bolt,  leaded  vertically,  and  marked  p^g^jyj 


95.4 


12.76 


595.21 


95.8 


16.92  I  599.37 


96.4 


17.64 


600.09 


At  Port  Huron,  Mich .  . 

At  the  foot  of  Lake  Huron,  21  miles  above  the  Black  River, 
Port  Huron,  at  Fort  Gratiot  light  house,  in  south  foundation 
wall  of  brick  dwelling  at  light-house,  in  upper  course  of  ma¬ 
sonry,  2.1  feet  from  southeast  corner  and  0  6  foot  below  the 
water  table;  being  center  of  small  hole  in  head  of  copper  bolt, 
leaded  horizontally.  This  corresponds  to  U.  S.  B.  M.,  “Fort 
Gratiot,”  1877  elevation  589.90. 


97.8 


7.84 


590.29 


Appendix  No.  23. 

REPORT  OF  THE  SECRETARY  OF  THE  BOARD. 

U.  S.  Board  of  Engineers  on  Deep  Waterways, 

Office  of  the  Secretary, 

Detroit ,  Mich.,  June  30,  1900. 

Gentlemen:  As  secretary  and  disbursing  officer  of  the  Board,  I 
have  the  honor  to  tile  the  following  report: 

August  10,  1897,  the  Secretary  of  War,  by  direction  of  the  Presi¬ 
dent,  commissioned  me  as  secretary  of  the  Board,  to  date  from  August 
7,  1897,  and  I  was  directed  to  report  to  Major  Raymond,  Corps  of 
Engineers,  U.  S.  Army,  at  Philadelphia,  which  I  did  on  August  12, 
when  the  Board  met  and  organized. 

On  October  22,  1897,  I  filed  with  the  War  Department  surety  bond 
No.  219184  of  the  American  Surety  Company,  New  York,  dated 
August  18,  1897,  in  my  favor,  for  $25,000,  having  been  designated  as 
disbursing  officer  to  disburse  the  appropriation. 

This  bond  was  for  one  year,  and  was  approved.  It  has  been  renewed 
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from  time  to  time1  and  is  still  in  force.  It  has  cost  me  $408.33  for  pre¬ 
miums  thereon.  Previous  to  the  tiling  of  my  l»ond  Major  Raymond 
had  acted  as  disbursing  officer. 

The  assistant  treasurer  of  the  United  States,  New  York,  was  des¬ 
ignated  as  depositary  of  funds  Indonging  to  the  various  appropriations 
made  by  acts  of  Congress  for  the  work  of  the  Hoard,  though  a  small 
deposit  was  kept  with  the  Commercial  National  Hank.  Detroit,  United 
States  depository,  for  convenience  in  making  local  payments.  The 


total  deposits  have  been: 

With  assistant  treasurer.  United  States.  New  Y<>rk . $:t65, 000. 00 

With  Commercial  National  Hank.  I>etroit . . .  119.00S.04 

Total  . .  4M4.9O8.04 


All  bills  have  been  paid  by  check  upon  vouchers,  the  checks  in  all 
cases  boing  drawn  to  the  order  of  the  jtersou,  firm,  company,  or  cor¬ 
poration  to  whom  the  payment  was  due.  Under  no  circumstances 
has  a  dollar  of  the  appropriations  been  drawn  out  in  any  other  way. 
In  order  that  incidental  exjienses  of  field  parties  might  l>e  adjusted 
with  promptness  ami  the  vigorous  prosecution  of  tin*  work  not  hin¬ 
dered  hv  delay  in  making  payments  of  board  bills,  traveling  expenses, 
etc.,  while  awaiting  the  preparation  of  proper  vouchers,  money  has  at 
various  t  iines  lieen  advanced  to  t  In*  chiefs  of  parties  by  Mr.  Noble  and 
Mr.  Wisncr,  members  of  the  Hoard  and  by  the  chiefs  of  parties  them¬ 
selves.  This  has  necessitated  recourse  to  the  expedient  of  reimburse¬ 
ment  vouchers.  The  plan  worked  well,  and  work  has  never  been 
permitted  to  lag  for  an  instant  for  lack  of  funds.  These  gentlemen 
are  entitled  to  tlu*  thanks  of  t lie  Government  for  willingness  to  draw 
upon  their  private  resources  in  order  to  expedite  the  work,  and  the 
disbursing  officer  hereby  expresses  his  appreciation  of  the  cheerful 
acquiescence  with  whieh  they  met  his  wish  to  avoid  the  handling  of 
Government  money  and  to  make  no  payments  except  by  cheek  upon 
vouchers  duly  and  properly  executed. 

At  the  outset,  with  many  field  parties  scattered  over  a  wide  area,  it 
was  often  difficult  to  get  the  vouchers  promptly  and  incorrect  form 
to  meet  all  the  requirements  of  the  Treasury,  and  but  for  the  gener¬ 
ous  action  of  mcmltcrs  of  the  Hoard  and  chiefs  of  parties  it  would 
have  boon  necessary  at  times  to  draw  out  considerable  sums  and 
intrust  the  same  to  many  different  employees  in  anticipation  of  pay¬ 
ments  that  had  to  1m*  made  in  rash  on  the  spot  and  Iteforc  vouchers 
could  be  procured.  Hy  advancing  their  own  money  and  the  employ¬ 
ment  of  reimbursement  vouchers,  with  receipts  attached  as  subvouch¬ 
ers,  all  delay  was  avoided,  and  the  field  work  was  pushed  at  all  points 
with  remarkable  celerity  and  success.  Chiefs  of  parties  were  not  all 
trained  accountants,  and  the  most  carefully  prepared  detailed  instruc¬ 
tions  from  this  office  did  not  entirely  eliminate  errors,  and  it  was  some¬ 
times  necessary  to  return  vouchers  several  times  for  correction  before 
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checks  could  be  drawn.  Every  assistance  possible  was  afforded  by 
the  force  of  clerks  in  the  secretary’s  office,  and  chiefs  of  parties  Avere 
not  permitted  to  be  hampered  in  their  field  surveys  and  investiga¬ 
tions  by  the  supervision  of  unnecessary  clerical  work.  The  Board  at 
one  time  had  twelve  parties  in  the  field  and  in  its  employ  about  400 
men,  and  the  monthly  expenditures  amounted  to  as  much  as  $35,000. 

It  Avas  the  practice  of  this  office  to  pay  all  vouchers  sent  in  from 
the  field  Avithin  twenty-four  hours  of  their  receipt,  except  in  cases 
where  they  were  in  some  respect  faulty,  when  they  were  returned 
immediately  with  instructions  how  to  make  the  necessary  alterations 
or  emendations,  and  it  was  rare  that  more  than  a  week  was  consumed 
in  getting  them  back  ready  for  payment.  It  is  believed  that  the 
promptness  and  accuracy  with  which  disbursements  ha\'e  been  made 
by  this  office  have  gi\ren  the  utmost  satisfaction  to  all  concerned. 
Only  once — in  the  summer  of  1898,  Avhen  the  Board  was  organizing  a 
number  of  new  field  parties — Avas  the  rule  of  having  the  office  crowd 
the  work  departed  from.  Vouchers  accumulated  Avith  such  rapidity 
that  the  clerical  force  could  not  handle  them,  and  for  a  week  or  tAvo 
the  work  crowded  the  office.  The  sudden  death  of  Mr.  Richard  Com¬ 
mon,  chief  clerk,  added  to  the  embarrassment.  But  the  tangle  A\Tas 
soon  unraveled,  and  did  not  occur  again. 

Secretary  Alger  in  the  orders  of  October  20,  1897,  for  the  govern¬ 
ment  of  the  Board,  allowed  it  considerable  latitude  in  the  matter  of 
making  purchases,  and  directed  that  all  reports  be  made  directly  to 
him.  He  also  relieved  the  Board  from  the  operations  of  the  civil- 
service  act  in  the  selection  of  their  subordinates.  This  confidence 
Avas  highly  appreciated  and  never  abused,  and  it  worked  greatly  to 
the  advantage  of  the  CTO\Ternment,  so  far  as  this  particular  work  Avas 
concerned.  Purchases  were  made  in  open  market  whenever  that 
method  was  the  most  expeditious  and  economical.  Bids  Avere  asked 
for  when  there  was  time  and  the  delay  would  not  interfere  with  vig¬ 
orous  prosecution  of  the  work. 

In  the  selection  of  employees  care  was  exercised  to  choose  men 
with  reference  solely  to  their  especial  fitness  for  the  work  they  were 
required  to  do,  and  it  may  be  said  without  fear  of  contradiction  that 
no  more  capable  and  efficient  corps  of  subordinates  was  ever  assem¬ 
bled  than  that  one  which  has  had  charge  of  the  various  departments 
under  this  Board.  This  remark  applies  not  only  to  the  chiefs  of 
parties,  but  to  the  men  avIio  made  up  those  parties;  to  the  field  work 
not  only,  but  to  the  drafting  and  computing  department  and  to  the 
secretary’s  office  as  well.  The  Board  has  been  absolutely  nonpartisan. 
No  man  was  asked  as  to  his  politics  or  his  political  backing.  Fitness 
was  the  only  test  applied. 


Following  is  a  statement  of  receipts  and  expenditures  during  the 
life  of  tlu*  Board,  to  and  including  June  30,  1900: 

RECEIPTS. 

Appropriation  act  approved — 

June  4, 1897 . $150,000.00 

July  i  ,1896 . 895,000.00 

March  3, 1899  .  90.  (MX).  00 

February  9, 1 900  .  20, 000. 00 

Miscellaneous  receipts . . .  712.00 


485,712.96 

EXPENDITURES. 

For  surveys  and  examinations  of  waterways . . . . . . $210, 795. 13 

For  borings  .  ....  .  90,084.89 

For  expenses  and  salaries  of  Board  . .  42, 117. 73 

For  water-supply  investigation,  Oswego-Mohawk  route  .  41,576.29 

For  exjwnses  and  salaries,  drafting  and  computing  department .  31. 392. 13 

For  expenses  and  salaries,  secretary's  office .  26, 692. 12 

For  statistical  inquiry  . 8,998.39 

For  discharge  measurements  Niagara  River .  8. 872. 48 

For  diamond-drill  borings  . . .  7, 800. 56 

For  St.  Lawrence  Hirer  levels  . .  8,788.50 

For  precise  levels,  Detroit  and  St.  Clair  rivers  .  1,824.92 

For  discharge  measurements.  St.  Lawrence  River .  1. 459.34 

Disbursed  1>>  Colonel  Raymond  ...  ..  98.96 

For  proceeds  sale  condemned  property  deposited  United  States 

Treasury .  78. 55 

Disbursed  by  Treasury  Department .  2.65 

Balance  on  hand . 4,241.90 


485.712.96 

BALANCE  ON  HAND — WHERE  DEPOSITED. 

The  balance  remaining  on  hand  is  deposiled  as  follows: 

With  the  assistant  treasurer  United  States,  New  York . .  $1,359.05 

With  the  Commercial  National  Hank.  Detroit . .  2,882.85 


4,241.90 

M  ls<  'ELLA.NEOUS  RECEIPTS— WHENCE  DERIVED. 

The  item  of  “  .Miscellaneous  receipts”  is  accounted  for  thus: 

January  5,  1900,  proceeds  sale  3  transits . $300.00 

August  26,  1899,  check  given  for  services,  returned  ami  canceled .  250.00 

October  14,  1899,  sale  of  condemned  property . .  ...  .  73.55 

October  16,  1899,  disallowances  traveling  expenses,  amount  refunded .  32.  41 

April  19,  1899,  received  from  employee  to  repair  transit  .  20.  75 

January  29,  1900,  overpayment  refunded  .  .  .  12.50 

March  31,  1898,  disallowances  traveling  expenses,  amount  refunded .  10.25 

October  22,  1898,  disallowances  traveling  expenses,  amonfit  refunded .  8. 50 

June  4,  1898,  disallowances  notary  fees,  amount  refunded . .  5.00 


712.96 
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ANALYSIS  OF  EXPENDITURES. 

An  analysis  of  the  comparative  cost  of  the  various  branches  of  the 
work  gives  the  following  results: 

The  Lasalle-Lewiston  route,  cost  of — 

For  borings . . . . .  . . . . $1,601.22 

F or  surveys . . .  4,  598.  92 

- $6, 200. 14 

The  surveys  of  Niagara  River,  cost  of — 

For  borings . . .  4, 738. 08 

For  surveys .  .  0, 912. 38 

-  11,650.46 

The  Tonawanda-Olcott  route,  cost  of — 

For  borings . 4,981.43 

For  surveys  . 12,450.38 

- 17,431.81 

The  surveys  of  the  Hudson  River,  cost  of — 

For  borings  . 7,272.40 

For  surveys .  . 11,984.70 

-  19, 257. 10 

The  Champlain  route,  northern  division,  cost  of — 

For  borings .  .  J3,  581 . 60 

For  surveys . . .  21,835.56 

- 30,417.16 

The  Champlain  route,  Hudson  River  division,  cost  of — 

For  borings . 7,171.25 

For  surveys . . 26.743.70 

- 33, 914.  95 

The  Oswego-Mohawk  route,  eastern  division,  cost  of — 

For  borings .  30,057.29 

For  surveys .  52,658.38 

- 82, 715.  67 

The  Oswego-Mohawk  route,  western  division,  cost  of — 

For  borings . 23,812.08 

For  surveys  . < .  61,505.90 

- 85, 317. 98 

Discharge  measurements,  St.  Lawrence  River .  1,459.34 

Precise  levels,  Detroit  and  St.  Clair  rivers. . .  1, 824. 92 

Precise  levels  of  the  St.  Lawrence  River,  cost  of,  for  all  purposes .  3, 732. 59 

The  diamond  drill  borings,  cost  of,  for  ail  purposes .  7, 800. 56 

Water-supply  investigation.. . 41,576.29 

Surveys  of  the  St.  Lawrence  River . . .  19, 924. 08 

Discharge  measurements.  Niagara  River  . . .  8, 872. 48 

Statistical  inquiry,  cost  of,  for  all  purposes . 8,998.39 

Salaries  and  expenses  of  secretary's  office  . .  26, 692. 12 

Salaries  and  expenses  of  drafting  and  computing  department .  31, 392. 13 

Salaries  and  expenses  of  board .  42, 117. 73 

Miscellaneous  expenditures . . .  175. 16 

Balance  on  hand . . 4,241.90 


Total... . . . . .  485,712.96 
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EXPEN  l>ITC  RES  HY  FISCAL  YEARS. 


Receipts: 

Total  receipts  from  all  sources  . . .  $485,712.96 

Disbursements: 

For  fiscal  year  ending  June  30 — 

1898  . . $118,774.14 

1899  .  301,478.46 

1900  .  61,043.30 

Miscellaneous  . 175.16 

Balance  ou  band . . 4,241.90 

-  485.712.96 


Tin*  following  Dibit*  gives  tin*  total  square  and  linear  miles  surveyed 
and  average  cost  per  square  mile  for  the  different  divisions: 

Total  st/uare  ami  linear  miles  surt'eutd  ami  average  cost  j>er  mile  for  different 

airisionH. 


Lake  Erie  to  I.ake  <  hitarlo. 

Champlain  route 

lasolle 

Lewis 

tOB 

route. 

Tom,  wan 
da  Olcott 
route. 

N  tagaru 
River. 

8t.  Law 
n<n<e 
River. 

Northern 

division. 

Hudson 

River 

division. 

Tojiography  in  square  miles . 

Hydrography  in  K<iuare  miles  . 

Total  area  in  square  miles  ...  . 

Total  cost  of  surreys . . 

Average  coat  of  surveys|*>r  square 

mils  . 

Total  oust  of  borings  . 

A  vi' rage  coat  of  borings  per  square 

mile  . 

Total  coat  of  surveys  nud  borings, 
including  office  'reductiou  and 

estimate  ,.f  rcM  . 

Total  average  coat  |*er  square  mile 
Linear  miles  of  located  line  sur 

veved  . 

Linear  miles  of  alternate  line  *ur 

veyed . . 

:.m 

7.6ft 
$4,508  98 

j»a*»  IS 

li. <**1  as 

♦.*12  IK 

*<21.21 

ft.  8 

88.  U) 
HH 

■r i  ut. 

|u:f4V»'»H 

$*>7  4ft 
$4.1*143 

I147.U1 

|17. 4:il. ftl 
$514. 51 

a»  0 

2  III 

31.25 

22.  SB 
|b. 912 

4110.  07 
$4. 73ft. IK 

$212.  M 

fll.rt.Vi  40 
$523.61 

16.0 

15  35 
13. 75 
13*  0 
112.105  21 

4417  42 

47. sis  s7 

$310  Cd 

419.1*24  IK 
4>W7  HI 

:».o 

87.25 
3.25 
70  80 
421,835  66 

4**1. 72 
4s.5sl  hi 

4121.72 

41*.  417.  lit 
44:11  44 

53.7 

15  0 

57. 80 
10.S2 
ISS.32 

4.11. 74:«  To 

1301.45 
$7,171  35 

♦11*4.  UT 

4C1.H14  05 
$400  42 

100.0 

Total  linear  miles  of  line  surveyed 
Average  cost  i»*r  1  in  sar  mile  sur 

ft.  ft 

SB.  0 

16.0 

36.0 

Oft.  7 

111).  0 

veve  1.  including  l*»rmg*  . 

#704  .VI 

4»>7n  4.5 
$47*  ftrt 

$7>.  15 

fVW  25 

4442.75 

4M-  15 

Avefuge  c<«t  of  surveys  per  mile 

$522  69 

44-tt  ie 

$u.5  s« 

4117  .84 

*207  14 

. . .  of  Wirings  per  mile 

$1*1  90 

flid  50 

♦.■'ll  13 

$22 1  :«• 

4124  111 

♦71  71 

(  Kwe*. .  Mohawk  route. 


Western 

division. 

Eastern 
dlylaii  in. 

Tidal  Hud- 
son. 

Topography  in  square  miles . 

1®.  30 

65. 96 

2  15 

Hydrography  in  square  miles  . 

15  Nl 

9.30 

21  4*1 

Total  area  in  square  miles . 

Its  10 

75  25 

23  01 

Total  cost  of  surveys .  . . 

|6I  606  Hi 
$415  30 
43. 812. 08 
|160  78 

Sft5.317.9H 
457B  OH 
911.7 

$52,658  3ft 
$tH*0  7ft 
$30,057  29 
$R»9  4:$ 

$11.9*4  70 
$507.61 
$7,272  40 
$*K  08 

$19,257  10 
$ftl.Y  *13 
42.0 

Average  cost  of  surveys  i>or  square  mile  . 

Total  coat  of  borings  .  . 

Average  cost  of  Isiriugs  i>er  square  mile . 

Total  coat  of  surveys  and'borings.  including  office  reduc¬ 
tion  and  estimate  of  cost . 

$S2, 715  07 
♦l.lA*!!  21 
K2  0 

Total  average  cost  per  square  mile  . 

Linear  miles  of  located  line  surveyed  . 

Linear  miles  of  alternate  line  surveyed . 

24.0 

24.5 

Total  linear  miles  of  line  surveyed  .  . . 

114.7 

1110. 5 

42  0 

Average  cost  per  linear  mile  surveyed,  including  borings 
Average  cost  of  surveys  per  mile . . 

$743.  H3 
$530  23 

$770. 07 

4494  44 

$458. 50 
$2ft5  35 
$173  15 

Average  cost  of  borings  per  mile . 

$317.00 

$282  22 
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Further  analysis  of  expenditures  on  various  routes  for  borings  and 
topographical  surveys  shows  how  they  were  distributed  and  of  what 
items  the  aggregate  of  cost  is  made  up. 


Topographical  surveys — cost  of. 


Tonawanda-Olcott  route: 

For  salaries  and  subsistence _ _ 

For  traveling  expenses  . . . 

For  instruments  and  tools _ 

For  office  expenses _ 

For  freight  and  express _ ... 

Lasalle-Lewiston  route: 

For  salaries  and  subsistence _ 

For  traveling  expenses _ _ 

For  instruments  and  tools . . 

For  office  expenses . . 

For  freight  and  express . . 

Oswego  route — western  division: 

For  salaries  and  subsistence _ 

For  traveling  expenses. . . . . 

For  instruments  and  tools _ 

For  office  expenses _ _ 

For  freight  and  express . 

Oswego  route — eastern  division: 

For  salaries  and  subsistence . . 

For  traveling  expenses . . . 

For  instruments  and  tools _ ... 

For  office  expenses _ _ 

For  freight  and  express _ _ _ 

Champlain  route,  Hudson  River  division: 

For  salaries  and  subsistence _ 

For  traveling  expenses _ _ 

For  instruments  and  tools _ 

For  office  expenses _ _ _ _ 

For  freight  and  express _ _ 

Champlain  route,  northern  division: 

For  salaries  and  subsistence _ 

For  traveling  expenses . 

For  instruments  and  tools _ 

For  office  expenses _ _ 

For  freight  and  express . . 

Surveys  of  Niagara  River: 

For  salaries  and  subsistence _ 

For  traveling  expenses _ _ _ 

For  instruments  and  tools _ _ 

For  office  expenses  ..  . . . 

For  freight  and  express . . 


$11,054.55 
514.42 
529. 72 
279. 88 
21.81 

-  $12,450.38 


4, 130. 73 
66.00 
265. 82 
134. 72 
1.65 

-  4,598.92 

55, 662. 68 
1,980.41 
2,302.21 
1,344. 24 
186. 36 

-  61,475.90 

47,  065. 37 
2,149.47 
1,814.82 
1,519.67 
109. 05 

-  52, 658. 38 

24, 242. 25 
1,108.89 
675. 85 
663. 00 
53. 71 

-  26,743.70 

18,711.53 
1,038.18 
1,403.65 
628. 71 
53. 49 

-  21,835.56 

5,  024.  42 
326. 68 
1,435.60 
111.75 
13.93 


6, 912. 38 
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Surveys  of  Hudson  River: 

For  salaries  and  subsistence . $10,061.42 

For  traveling  excuses . .. .  669. 96 

For  instruments  and  tools . .. . . . . .  896.44 

For  office  expenses  . . ... . . . .  365.87 

For  freight  and  express . . . -  61.04 


Surveys  of  the  St.  Lawrence: 

For  salaries  and  subsistence _ _ _ _ _ _  10,094.96 

For  traveling  exj^nses  . . . . .  753.81 

For  instruments  and  tools _ ... ............ _  812.41 

For  office  expenses . . . ...........  ...........  368.60 

For  freight  and  express  . . . .  80.43 


Total 


Boring *,  cont  of. 

Tonawanda-Olcott  route: 

For  salaries  ind  subsistence . . . . .  4,240.35 

For  traveling  ex  j  tenses  _ _ _ _ _ _  56.46 

For  plant  ( tools,  repairs,  etc.) . . . .  521. 77 

For  explosives  . . . . . .................  139. IK) 

For  office  expenses . . . .  .....  22.95 


L:  sal >•  Lewiston  route: 

.'or  salaries  and  subsistence _  _ _ _ _ _  1,311.76 

For  traveling  expenses  . . . .  67.46 

For  plant  (including  tools,  repairs,  etc.) .  127.28 

F> >r  e\pl< <~ives  .  . . . . .  88.97 

For  freight  and  express . . . . . . .  . 70 

For  office  ex|  tenses. _ _ .... _ .... _  10.05 


Oswego  route,  western  division: 

For  salaries  and  subsistence . . .  19,645.96 

For  traveling  excuses  . . .......... _  219.75 

For  plant  (including  tools,  repairs,  etc.) .  . . .  3,035.00 

For  explosives  . . . . . ................  508.32 

For  freight  and  express . . . ..............  203.77 

For  office  expenses . .  199.28 


Oswego  route,  eastern  division: 

For  salaries  and  sulieistenee . . .  26,470.80 

For  traveling  excuses . . .  687. 62 

For  plant  (including  tools,  repairs,  etc.) .  2,287.03 

For  explosives  . . .  182.20 

For  freight  and  express . . . .  .  131.56 

For  office  expenses... . . .  298. 08 


Champlain  route,  Hudson  River  division: 

For  salaries  and  subsistence . . .  6,288.23 

For  traveling  expenses  . . . . . .  156.49 

For  plant . . . . .  561.27 

For  explosives _ _ _ _ _ _ _ 40.74 

For  freight  and  express _ _ _ ... . .  50.40 

For  office  expenses . . . .  74.12 


$1 1 . 984. 70 


12,105.21 

210,795.13 


4,981.43 


1,601.22 


23.812.08 


30. 057. 29 


7. 171.25 
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Champlain  route,  northern  division: 

For  salaries  and  subsistence . . . .  $6, 505. 77 

For  traveling  expenses . .  107.65 

For  plant . 1,685.93 

For  explosives . 116.38 

For  freight  and  express .  39. 04 

For  office  expenses . . . . .  126. 83 

- $8,581.60 

Surveys  of  Niagara  River: 

For  salaries  and  subsistence  . . .  3, 127. 60 

For  traveling  expenses .  134. 61 

For  plant . 1,434.83 

For  explosives .  4. 33 

For  freight  and  express .  33. 71 

For  office  expenses . 3.00 

-  4, 738. 08 

Surveys  of  Hudson  River: 

For  salaries  and  subsistence .  5, 652. 57 

For  traveling  expenses . . .  299. 89 

For  plant. . 1,105.62 

For  explosives _ . . .  105. 98 

For  freight  and  express .  68. 63 

For  office  expenses .  39. 71 

-  7,272.40 

Surveys  of  St.  Lawrence: 

For  salaries  and  subsistence  . .  6, 103. 12 

For  traveling  expenses .  438. 37 

For  plant .  830.  92 

For  explosives .  .  319. 38 

For  freight  and  express. . .  72. 54 

For  office  expenses . .  54. 54 

- 7, 818. 87 

Total .  96,034.22 

J.  H.  Kidd, 

Secretary. 

The  Board  of  Engineers  on  Deep  Waterways. 
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Beique,  J.  F . . 442 

Bench  mark,  Buffalo  . . 1037 

Bench  marks: 

Description  and  elevation  of,  Appendix  No.  22 . . . . . .  1015 

Buffalo  to  Olcott . . . . . .  1037 

Canadian  side  of  Niagara  River . . . .  1038 

Delaware  and  Hudson  Company’s  Railroad . . .  .  1023 

Detroit  River . . . . . . . .  1039 

Hogansburg,  N.  Y.,  to  St.  Regis,  Canada . .  1029 

To  St.  Stanislas,  Canada . . . .  1028 

Hudson  River . . . . . .  1016, 1017, 1023 

Lake  Champlain. . . . . . .  1023, 1026 

To  Lake  St.  Francis . . . . . .  1027 

Lake  Erie  to  Lake  Ontario . . . . . . .  1037 

Lake  Oneida . 1018 

Lake  St.  Clair .  1039 

Lasalle  to  Lewiston . . . . . . . .  1039 

Mohawk  Valley .  1018 

Niagara  Falls  to  Tonawanda .  1038 

Oneida  River . 1018 

Oswego  River  . .  1018 

St.  Clair  River . . . . . . - .  1039 

St.  Lawrence  River. . . 1029 

Wood  Creek  Valley . 1018 

Precise  levels — 

Detroit  and  St.  Clair  rivers . . . . . . .  1011 

St.  Lawrence  River . . .  995 
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Bench  marks— Con  tinned.  Page. 

Precise  levels — Continued. 

Initial  ones  . 1015 

Origin  for  levels,  Champlain  route .  429 

Bending  of  lock  gates . . . .  176. 180 

Benefits  of — 

Deep  waterways  . 266 

Lake  Erie  regulation  . . . . . . . . . . .  295 

Benoit.  P.  P  . . . .  480, 149 

Bibliography,  lock  gates  . . . .. . .  ...  .  *  200 

Biles.  Prof.  J.  H  189 

Black  ami  Hudson  rivers.  run-offs  (plate  102) . . .  777 

Black  and  Moose  Rivers, reservoirs  .  574 

Black  and  Salmon  rivers,  reservoirs,  probable  cost . .  912 

Black  River: 

Catchment  area  and  maps . . . .  576,577 

Catchment  area  precipitation .  779 

Description . . . . . . . . . ..... _ _ -  _  827 

Drainage  (plate  96).  f 

Discharge,  Huntingtonville  (plate  126). 

Elevations  .  _ _ _ ... . . . . . .  828 

Feeder — 

Characteristics . 797,902 

Cross  sections  adopted . . . . . . . .  905 

Bat  Imatea  919,917 

Evaporation  _ _ _ _ _ .... . . . .  . .  908 

Materials  for  . . . . . . . .  944 

l  ■••!  o. riatton  .  908 

Profile  (plate  140). 

Tributaries . 584,585,856 

Water  supply  . 891,892 

Flood  flow  . .  800 

Reservoir: 

Area  submerged  and  depth  on  catchment  area .  869 

Effe -t  of  adoption  of  tunnel  line .  .  939 

Estimates . 912 

Land  and  projterty  damages  .  843,856,864 

State  of .  869,870 

Reservoirs .  .  578, 864, 868, 870,  N95, 969 

Run-off  (plates  101,  103,  104,  105) . 776,834 

Submergence . 869 

Tributaries  and  floods  on . 805 

Water  power . . 82N,  841, 843, 846, 855 

Water  supply .  597,598 

Blocks.  (See  Bearing) 

Blunt,  Lieutenant-Colonel .  33 

Board  of  Engineers  on  Deep  Waterways  (*»•»•  Noble;  Raymond;  Wiener): 

Act  authorizing . 25 

Appointment,  letter  of .  25 

Appropriations .  26 

Conclusions  of . 128 

Contracts,  approval  of _ _ 332 

Duties . 26 

Expenditures . 1046,1049 

Instructions  for  guidance  of . 328 
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Operations  .  . .  _ . . . . . . . .  40 

Organization. . . . . . _ . __ . .  26 

Salaries..-  . . . . . .  . .  1049 

Secretary's  report,  Appendix  No.  23 _ _ _  1043 

Special  investigations _ _ _ 47 

Bond.  E.  A _ _ _  _ _ _  _ _  339 

Bond  of  disbursing  officer  of  board _ .  _ _ _ _ _ _  1043 

Books,  precise  level  field . . . . .  1002 

Boring  apparatus  (fig. ) . 341 

Borings  (see  Diamond): 

Carbon  losses _ _ _ _ _ _ _  987 

Champlain  route _ _ _ _ _ _ _  970,  984, 986 

Cost  _ 988,990,1050 

Hudson  River . . . . . . . .  371, 566 

Instructions  for  making . . . . . . .  337 

Lake  channels _ _ _ _ _ _ _ _ _ _ .  _  .  951 

Lake  Oneida . . . . . . . . .  488,  489 

Lasalle-Lewiston  route  _ . . . . .  . .  980, 986 

Method  of  making . . . . . . .  .  975 

Niagara  route  . . . . . . - . - .  341 

Oswego-Mohawk  route . 507,981,986 

Outfit . . . . . . -  . . .  974 

Report  on  Diamond-drill,  R.  G-.  Smith,  Appendix  No.  19 .  974 

Tonawanda-Olcott  route .  - - - -  - -  356,976,985 

Bottom  widths  of  canal  prisms. . . . .  . .  546 

Brace,  James . . .. . . - _ _  128 

Breakwaters,  Oswego  and  Olcott,  N.  Y  . . . . . . . .  46, 208 

Character. . . . .  . . . . .  209,215 

Computation  diagrams  for . . . . . .  216 

Construction . . . . . . . . .  . .  .  212,215 

Cross  section _ _ 212,215 

Cost . . 216 

Fog  signal  and  light- house  . .  . . . . . .  214 

Material  . . . . .  .  . . .  214 

Method  of  construction _ _ _ _ _ _ _ _ _  212 

Plan  (figs.  216) . . . — . .  ..  . . .  208,215 

Report,  Lieut.  Col.  C.  W.  Raymond,  Corps  of  Engineers.  Appendix 

No.  3 . . . . . .  . - .  208 

Substructure. . 213 

Superstructure . 213 

Bridge.  (See  International;  Foot.) 

Bridges . . . . . . - . -  46 

Champlain  route . . . . . .  .  385. 386, 387, 439 

Hudson  River . . 568 

Lasalle-Lewiston  route . . . . . . . . .  351 

Mohawk  River  .  _ ...  . . . . . . ..  .  .  . .  517 

Oswego-Mohawk  route . . . . .  66, 454, 471, 548 

Oswego  route  proper .  . .  .  . . .  517 

Tonawanda-Olcott  route . 364 

Brief  histofy  of  field  work...  ...  . . . . . . —  41-43 

Brownville  Paper  Company's  mill  (photograph) . —  ..  854 

Buffalo  bench  mark  .  1037 

Buffalo  gauge  record .  286 

H.  Doc.  149 - 07 
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Buffalo  harbor _ _  _ _ _  30 

Buffalo  to — 

Duluth,  21-foot  channel . . . .  89 

New  York,  distances . . . .  244 

New  York,  comparison  of  routes .  243 

Olcott,  bench  marks .  .  . . .  1037 

Building  of  ships,  efftct  of  deep  waterways  on  .  127 

Buoyancy  of  lock  gates,  provisions  for . . .  153 

Calculated  delay  at  locks  . . . .  .  134 

Canada  Creek  run-off  (plates  119-121 ) . . . . . . .  580 

Canadian  — 

Canals . . . . .  28, 35, 129 

Deep  Waterways  Commission . . . .  ....  428 

Engineers  rendering  assistance  to  Board .  128 

Gauges  in  St.  Lawrence  River .  4u0 

Government  assistance  to  Board  . . . . . .  128 

Side  of  Niagara  River  bench  mnrks . . .  1038 

System  of  canals .  .  28. 35 

Canal  (see  Amsterdam;  Champlain;  Erie;  Kiel;  Low  level:  Manchester; 
Niagara  Ship:  New  York;  St  Clair  Flats;  St.  Marys  Falls:  Suez;  Wel¬ 
land): 

Chateaugay  River,  across .  434 

Estimates  of  Major  Symons . . . .  34 

Lake  Erie  regulating  works . . . .  294 

Oswego  . . .  . . . . .  32 

Oswego  Mohawk  route . 00,543 

Prisms— 

Deej)  waterways  (tigs, ) .  43 

Oswego-Mohawk  route  .  .  540.549 

Routes  surveyed,  comparison  of . . .  110, 241 

St.  Lawrence  River  system  .  . . . . . . .  35 

Water  supply  for  low-level  ship . . .  824 

Cana’s: 

Canadian  system  . . 28,35.129 

New  York  summit  level,  water  supply  of . .  .  572 

New  York  system  of . 28 

Oswego  route  projier  . . . 06, 513 

Ship,  some  proitoeed  . 33 

Capacity  (ace  Lockage),  traffic,  of  deep  waterwuys  . .  126.272 

Capacity  of — 

Locks  in  combinations .  138, 139 

Lock  system  for  ship  passage . . . .  134 

Cape  Vincent  to  Hogausburg.  precise  levels .  397 

Carbon  losses,  diamond-drill  borings  .  .  987 

Carriers,  type . - . . . . .  252 

Carthage,  N.  Y.,  dam  (photograph)  . . .  854 

Catchment  area.  (See  Area;  Areas.) 

Causes  of  speed  reduction  in  waterways . . .  219 

Cavadutta  Creek,  discharge  curve  and  dam  section  (plate  128). 

Center  of  pressure,  miter-post  faces . . . .  156 

Central  New  York: 

Gauging  of  streams  . . . .  586 

Probability  of  floods .  . . . .  814 

Chain  suspension  for  Lake  Erie  regulating  works  . .  293 
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Champlain.  (See  St.  Lawrence-Champlain;  Lake.) 

Champlain,  N.  Y.: 

Locks,  52-foot  lift  (plate  68.) 

Quartzite  outcrop  (.photograph)  . . . .  438 

Champlain  Canal _ _ _ _ _ _ _ _ _ 32 

Champlain  route  (plates  34-59. 64-68) . . . .  368 

Alignment  . . . . . . . . .  103,438 

Alternative  plan . . . . . . .  383 

Borings  (fig.  970) _ 984,986 

Bridges  - - 385,386,387,439 

Channels... . .  .  . . . . .  385,438 

Crossings . . . . . .  387, 436 

Dams _ _ _ _ _ _  _ _ _  382 

Elevations _ _ _ _ _ _ _ _ _ _  397 

Estimates  _ _ _ _  _ _ _ _ _ _ _  388.439 

Excavation . . . . . . . . . .  437 

Grades _ _ . . . .  . .  373 

Hudson  River  division,  report,  C.  L.  Harrison,  Appendix  No.  10  (plates 

49-55) . 77,338 

Ice  season . . . . . . . . .  245 

Levels. _ 393 

Lines,  conditions  governing  location . . . . . . .  428 

Locks _ _ _ _ _  383, 384, 432, 439 

Mapping.... . 370 

Material  to  be  excavated. _ _ _  437, 967, 969, 971 

Northern  division,  report,  F.  P.  Davis,  Appendix  No.  12  (plates  44-48) .  74, 425 

Origin  for  levels _ _ _ _ _ _ _ _ _ _ _  429 

Party  organization  . . 368 

Plan ,  alternative . . . . . . .  383 

Profile  (plates  64, 65, 66. 67) . . . . . .  438 

Right  of  way . . . . . . . . .  388 

Rock _ 437 

St.  Lawrence  division,  report,  J.  W.  Beardsley,  Appendix  No.  11  (plates 

34-43) . . . . . . . . . .  70,398 

Sand .  438 

Siphons . . . . .  . . . . . . . . .  436 

Sluices,  discharge . . . . . . .  436 

Surveys. . . . . . . . . . .  ..  42.427 

Time.  . . .  . . . . . . . .  244 

Twenty-one  foot  channel ..  . . . .  103 

Water,  ground . . . . . . . . . . . .  438 

W  eirs  _ _ _ _  _ _  _  . . .  432 

Champlain  routes,  Oswego-Moliawk  and;  comparison  of  waterways _  244 

Changes  in  highways,  locks,  and  railroads,  Oswego-Mohawk  route _ _  466 

Channel  estimates,  Lake  Erie  to  Lake  Huron;  Lake  Huron  to  Lake  Su¬ 
perior  . . .  . . .  . . . . .  953,954,956 

Channels.  (See  Champlain  route;  Hay  Lake;  Hudson  River  division;  Lake; 

Lake  Erie;  Lake  Huron;  Lake  St.  Clair;  Minetto;  St.  Lawrence  division: 

St.  Marys  River;  Thirty- foot;  Twenty-one  foot;  Tidal  Hudson.) 

Channel  slopes,  limit  of  speed  to  avoid  injury  to  . . .  ...  223 

Characteristics.  ( See  Physical.) 

New  York  summit  level  feeder . . . .  797, 902 

Schenectady-Normans  Kill  line _ _ _ _ _ _ _  539 

Transportation  lines . . .  . . . .  .  120,266 
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Character  of —  Pane- 

Break  waters.  Olcott  and  Oswego . 209,215 

Deep  waterways  freight .  253 

Character  of  materials,  deep  waterways  routes;  report,  Appendix  No.  18. .  95? 

Champlain  root*  . 907, 980, 071 

Hudson  River  978 

Lasalle- Lewiston  route .  958 

Oswego-Mohnwk  route .  962,964 

Tona  wanda-Oloott  ronte  000 

Chateaugay  River,  canal  across . . .  . .  434 

Chii/.y  River  ...  .  .  488 

Chemung  River  flood  flow . 809 

Chevalier,  M .  175 

Chicago— 

Harbor . 37 

To  Buffalo,  21 -foot  channel .  92 

To  tide  water,  summary  of  cost  by  divisions .  114 

Chittenango  Creek,  discharge  curve  and  dam  section  (plate  109). 

Civil-service  act . 1045 

Classification  of — 

Channel,  St.  Lawrence  division . 424 

Nappes  .  .  .  088 

Clay  excavation . 958 

Closure  errors,  precise  leveling .  .  .  1002, 1011 

Closures  for  all  accepted  work,  precise  leveling .  .  1006 

Coal  traffic,  future  119,908 

Coast  and  Geological  Surveys  .  128 

Coefficients: 

C.  value  of,  Cornell  experiments  (plate  138). 

Carves.  Cornell  experiments  678 

For  computing  discharge  measurements,  mean  velocity . 313,315 

For  reduction  of  earn  nt  meter  observations  . . .  .  312 

Hydraulic  formula  for  flow  of  water  over  dams  . .  42,46 

M  Basin’s  . .  .  006, 600,080 

Collingwood,  Francis . 809 

Colson,  M  .  100, 121. 900, 907 

Combinations,  capacity  of  locks  in . . .  138, 139 

Commerce: 

Draft  best  adapted  for  lake .  237 

Foreign  and  domestic .  230,263 

Lake  Superior...  . .  .  .  _  38 

Commission.  (.Sec  Deep  Waterways.  Mississippi;  Canadian  Deep  Water¬ 
ways.  ) 

<  'ommon,  K  .  . ....  _  1045 

Comparative- 

Cost  of  lines  passing  Peter  Scott's  swamp. . . .  465 

Cost  of  random  stoueand  crib  breakwaters...  .  211 

Data,  relative  advantages. . 254 

Run-offs.  Black  and  Hudson  rivers  (plate  102) .  777 

Comparison  of — 

Advantages  of  21-foot  and  30-foot  channels  by  most  favorable  ronte  ..  271 

Formulas,  weir  discharge  (plate  127)  .  606 

Meter  ratings . . . *305 

Routes  87,110,900 

Buffalo  to  New  York  245 
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Comparison  of — Continued.  Page. 

Stages  of  Lake  Ontario  with  St.  Lawrence  stages . . .  400 

Stadia  and  base-line  work,  Oswego-Moliawk  route .  505 


Waterways  ( see  Relative  advantages)  — 

Lake  Ontario-Atlantic  routes . 

Niagara  ship  canal  routes _ ... _ 

Oswego-Mohawk  and  Champlain  routes _ 

Oswego  route  proper .  . . 

Report  G.  Y.  Wisner,  Appendix  No.  5,  part  1 
Compression  of  Poe  lock  miter  post,  measurements  of 
Computation : 


Diagrams  for  breakwaters  (figs.)  . . . . .  . .  216 

Flow  over  dams _ _ _ . _ _ _ _ _  643 

For  discharge  of  Niagara  River . . . . .  316 

Computing: 

Cost  of . . . . . . . . .  1046 

Discharge  measurements,  coefficients  for.. . . . . .  315 


Flow  over  weirs.  (See  Bazin) 

Conclusions: 

Board’s... . . . . 

Study  of  Lake  Erie  regulation . . 

Study  of  relative  advantages  of  routes 
Conditions: 

Adaptability  of  waterways  to  traffic . . . .  126,272 

Governing  canal  location — 

Champlain  route . . . . . . . 

Oswego  route  proper  . . . . . . . 

Schnectady-Normans  Kill  line . . . . 

Of  comparison  of  waterways,  Oswego  route  proper . . . 

Original,  and  improvements  of  lakes  and  related  waterways 
Connecting  channels  of  the  lakes,  Lake  Erie  regulation  and _ 


Considerations — 

Relating  to  lines  of  transportation . . . .  . .  247 

That  decide  the  form  of  lock-gate  frames .  . . .  165 

Constant  of  return,  deep  waterways  _ _  _  257 


Constants  of — 

The  waterway . . . . . 

Traffic  volume  . . . . . 

Transport . . . . . . 

Construction  (see  Estimates;  Relative  advantages): 


Breakwater.  . .  . . . . .  212,215 

Lock  floor,  method  of .  . .  . .  144 

Materials,  Lasalle-Lewiston  route  . .  . . .  54 

Contact  of— 

Bearing  piece,  miter  post  (fig.) . . . . .  161 

Lock-gate  sill . . . . . . . .  106 

Continuous  curve  of  flow  designed  by  Prof.  Williams  (plate  137) _  672 

Contract,  probable  cost  of  diamond-drill  borings  by . . . —  900 

Contracts,  approval  of,  by  Board . . . . .  .  332 

Control  of — 

Lake  Erie . . . . . . . . . . .  47 

Mohawk  Valley  floods  . . . . .  . . . . . .  816 

Cooley,  L.  E . . . .  . . .  34,276 

Cornell  weir  experiments . . .  46, 688 

Arrangements  for  (plate  131) _ _ _ _ _ _  669 

Coefficient  curves . . . . . . . .  678 
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Cornell  weir  experiments— Continued.  Page. 

( 'orreetion  of  observations . . . . .  677 

Curves  of  flow  (plates  134,  137). 

Discharge  curves  of  1  foot  of  crest  (plate  135). 

(bulge  readings  (plates  132.  133). 

Piezometric  observations .  072,076 

Redaction  678 

Reduction  curves  (plate  130). 

Tabulated  resnlts  ..  ...  . .  . . . .  678 

Value  of  coefficient  C  (plate  138). 

Correction: 

Cornell  experiments .  077 

Level  tube,  precise  leveling:  inclination  of  .  1013 

Rod  readings,  precise  leveling  .  1014 

Cost  (Her  Estimates): 

Additional  depth  of  waterways,  annual  increase  in  ..  .  236 

Borings  .......  1060 

Deep  lake  channels  with  or  without  lake  regulation  .  ..  2!)6 

I  >eeji  waterw.. y-  1.5.271 

Surveys  by  divisions .  1048 

Diamond-drill  borings  . 988 

Byoontmd  ...  090 

Drafting  and  computing .  1046 

Erie  Canal  .......  89 

Maintenance  and  operation  . .  .  126, 271 

Precise  leveling  .  1007 

Statistical  inquiry . . .  ...  1046 

Transi>ort  proper  . . .  126, 272 

Counterweights  and  sluice  gates.  Lake  Erie  regulation  (plate  SO). 

Country  between  St.  Lawrence  River  and  Lake  Champlain .  426 

Courses.  (.S’cc  Water.) 

Cramp,  E.  S  188 

Creeks,  flood  flows  of  some  New  York  . . . 789,  790, 795, 802 

Crest,  Bazin's  discharge  curve  for  single  foot  of  (plates  129,  130). 

Crest  heads,  discharge  curve .  644 

Crests,  weirs  with  wide  .  610 

Crib  and  random-stone  breakwaters,  comparative  cost  of  .  211 

Crib  breakwater*  210 

Crookes,  Sir  William  . . 264 

Crossings: 

Champlain  route . 387,436 

Lasalle- Lewiston  route . . 351 

Oswego- Mohawrk  route .  243 

Schenectady-Normans  Kill  line .  539 

Tonawanda-Olcott  route . 363 

Cross  section: 

Adopted- 

Black  River  feeder . .  905 

St.  i  'lair  Plats  <  lanal  289 

St.  Clair  River .  37,280 

Standard . . .  44.217 

Irregular — 

Bazin's  weir  experiments .  046,650 

Niagara  River,  International  Bridge  (plate  88). 

Tidal  Hudson . . 568 
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Cross  section — Continued.  Page. 

Of  breakwaters — 

Olcott . 215 

Oswego  . . . . . _ . .  212 

Of  Niagara  River  discharge  observations,  area  of . . . . .  311 

Croton  River  flood  flow . . . . . . . . . .  808 

Crown  Point  Light-house  to  Troy,  levels  from . . . . .  394 

Culvert  construction,  Manchester  Canal . . . . . .  145 

Culverts: 

Dimensions . . 145 

Inlets  and  outlets  of  . . . . . . . . .  145 

Lining  of  . . . . . . . . . .  145 

Lock _ _ _ _ _  _ _ _ _ : . . ...  144 

Valves  or  gates  for _ _ _  _ _ _  146 

Current  meter: 

Method  of  rating . 304 

Observations . .  . . .  . .  . . . . . .  310 

Coefficien t  for  reduction  of . .  . . . .  312 

Rating  . . . . . . .  . .  302 

Rating  equation  . .  . . . . . . .  303 

Recording  device  and . . . . . .  301 

Current  observations: 

Outfit  for. . . . . . . . .  301 

Reel  for . . . . .  .  . . .  301 

Current  velocities,  Niagara  River,  vertical  curves  of  (fig.) . . . .  312 

Curve:  (See  Discharge). 

Discharge,  of  1  foot  of  crest  (plate  135). 

Speed  of  ships  in  restricted  waterways  (fig. ) _ _ _  231 

Curve  of  flow,  Professor  Williams's  continuous  (plate  137) . .  672 

Curves: 

Coefficient,  weir  experiments . . 678 

Current  velocities,  Niagara  River  (fig.). . .  312 

Discharge;  special  water-supply  investigation . . . .  639, 644 

Lake  Ontario  water  levels  (plate  81). 

Lock-gate  deflections  (plate  80). 

Niagara  River  discharge  (plates  81,89)  — 

Transverse. . . 311 

Vertical.. _ 311 

Of  fall,  Niagara  River  (plate  89). . . . .  315,316 

Parabolic, lock  gates  . . . . . . . . .  199 

Prism  on _ 43,44 
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Lasalle-Lewiston  route . . . . . . .  351 

Tonawanda-Olcott  route . . . .  . .  363 

Expenditures: 

Analysis  of  Board's  . . . . . . . .  1047 

Board's..  . . . . . . . .  1046 

Expenses  of  the  Board  and  its  employees . .  . .  .  .  329.  331,  1049 

Faces.  (See  Meeting.) 

Faces  of  miter  post,  examination  of  laws  of  intensity  of  timber  bearing.  .  156,163 

Factors,  instruments;  precise  leveling . . . . . . . .  1014 

Fall  of  Niagara  River . . . . . .  290 

Curves  of  (plate  89) . . . . . . .  315,316.321 

Fall  of  surface: 

Detroit  River . . . . . . . . . . . .  280 

Lake  Erie  to  Lake  Huron _ _ _ _ _ _ _  279 

Richelieu  River _ _  _ _ _ _ _ _  322 

St.  Clair  Flats  Canal . .  . . . . .  280 

St.  Clair  River _ _  _ _ _ _ _ _  280 

St.  Marys  River . . . . . . . .  38 

Features  of  Lake  Erie  regulation,  international _ _  .  . .  297 

Feeder  for  summit  level.  ( See  Black  River.) 

Feeder,  Oswego-Mohawk  route.  ( See  Black  River.) 

Ferguson.  O.  W.,  report,  precise  levels,  Detroit  and  St.  Clair  rivers,  Ap¬ 
pendix  No.  21 . . . . . . . . . . . . .  1009 

Ferries: 

Oswego-Mohawk  route _ _ _ _ _ _ _  66 

Oswego  route  proper . . . . . .  519 

Over  Mohawk _ _  _ _ _ _ _ _ _  _  517 

Field- 

Books,  precise  levels . .  . . . . .  . . .  1 002 

Computation,  precise  leveling . . . . .  1011 
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Field  notes:  Pago. 

Example  of . . - . .  1002 

Oswego  route  proper  .  SI  2 

Plotting  of  887 

Field  parties,  instructions  to,  Appendix  No.  9,  part  2: 

Borings . 327 

Field  notes  .  .  887 

Sheets  .  887 

Levels  ..  .  .  .  888 

Methods .  .  ...  884 

Organization .  . - .  334 

Recon  noissance .  . . .  834 

Reports  .  338 

Stadia  work  .  . . 836 

Topography  . . 333 

Transit  lines  835 

Field  party— 

Reports  . . . . .....  _ _  ............. _ _ _  338 

W ork .  methods  of . . . . . . . . .  334 

Field- 

Sheets  and  reduction,  finishing . . . - . . .  337 

Tabulation,  precis*?  leveling . .  . . . . . .  1011 

Fie'd  w»  >rk: 

Brief  history  of . 41-43 

Oswego  Mohawk  route . 491 

Oswego  route  projier  . .  . . .  512 

St.  Lawrence  division  .  . . .  398, 399 

Schenectady -Normans  Kill  line..  .  537 

Fifth  group.  Bazin’s  weir  exjieriiiients . . .  652, 659 

Fifty-two  foot  lift  locks, Champlain  (plate  68). 

Filling  of  locks  . . . . . . .  144 

Filling  or  emptying  a  lock,  time  required .  146 

Finishing  field  sheets  and  reduction .  337 

First  group,  Bazin's  weir  experiments . . .  612, 647 

Fiscal  years,  Board's  ex|>enditnres  by  .  1048 

Fish  Creek  (see  East  branch  of  and  West  branch  of  1.  discharge  curve  and 
dam  section  (plates  111.  112). 

Fixed — 

Minimum  freight  rates  . . 238 

Weir  and  piers,  Lake  Erie  regulating  works  .  293 

Flange  section,  lock  gate  frame . . .  171,172 

Flats  Ski  lair  . . .  s  l 

Fleet,  outlet  for  lake .  273 

1  . 1.  Mohawk  River,  is'.'s  .  T'.»9 

Flood-discharge  measurements.  Upper  Mohawk  and  other  streams  . .  390 

Flood  How: 

Black  River,  per  Francis’s  formula  and  by  Cornell  experiments  .  806 

Chemung  River  . . .  ..  809 

Croton  River  .  808 

Genesee  River .  .  808 

Hudson  River  . 803 

Lower  Mohawk  River . .  . .  .  801 

Mohawk  River  .  796,802.804,805 

Mohawk  River  at  Rexford  Flats . . .  803 

New  York  streams,  some .  789,  790, 795,802 


I 
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Flood  flow — Continued.  Page. 

Oswego  River . . . .  __ . .  .  793 

Salmon  River .  . . . . . . . . . . __  796 

Seneca  River . . . . . . .  793 

Upper  Mohawk. . . .  . . .  821 

Flood  measurements,  Mohawk  River,  report,  C.  L.  Harrison,  Appendix 

No.  10  ._ . . . _. . .  338 

Floods: 

Black  River  and  tributaries .  . 805 

Central  New  York,  probability  of . 814 

Mohawk  Valley,  control  of  ...  . .  _ . . . .  816 

Floors,  lock,  method  of  construction . . . . .  144 

Flow.  (Nee  Speed  of  ships.) 

Flow,  curve  of,  devised  by  Prof.  Williams  . . . . .  672 

Flow,  relation  of  submerged,  to  free  overflow . . . .  812 

Flow  of— 

River,  meter  observations  for  the  mean  direction  of . . .  310 

Water  over  dams,  determination  of  coefficients  of  the  hydraulic  formula 

for . . . _ _  ... _ _  42,  46 

Water  over  weirs,  curve  of,  Cornell  University  weir  experiments 
(plate  137). 

Flow  over  dams  (see  Weir  experiments) . . . . .  42 

Computation  usedfor  obtaining. .  ...  ,  . . . . . . . .  643 

Methods  of  computing,  water-supply  investigation .  .  C06 

Flow  over  weirs,  curves,  Cornell  weir  experiments  (plate  134). 

Fluctuations: 

Great  Lakes . . .  274, 277 

Lake  Champlain . . 322 

Fog  signal,  Oswego  breakwaters . . .  214 

Footbridge,  lock  gates . . 196 

Foot  of — 

Lake  Erie  (plate  84). 

Head  of  Niagara  River,  survey  of. . . .  42 

Lake  Huron . . . .  .  . . . . . . .  37 

Lake  Michigan . . . . . . . . . . .  37 

Force  diagram,  pressure  on  gates . . .  169 

Foreign  and  domestic  commerce  . .  . .  239, 263 

Form  of  horizontal  frames  of  lock  gates,  considerations  that  decide  the _  165 

Forms  of  accounts ...  . . . .  .  329 

Formula  (see  Discharge;  Weir): 

Air  friction,  water  surfaces . . . . . . . .  904 

Sharp- crested  weirs . .  608 

Formula  for  — 

Determining  resistance  to  ship's  motion,  Weisbach's  . . . .  222 

Flow  of  water  over  dams;  determination  of  coefficients  of  the  hydraulic.  42, 46 

Time  required  in  lockage  . . . . . . .  137 

Weir  discharge,  comparison  of  (plate  127). 

Weirs  (see  Weirs)  _ _ _ _  .  ... . . .  290,291,589,811,812 

Fort  Hunter,  discharge  curve  and  dam  section  (plate  124). 

Fourth  group,  Eazin's  weir  experiments  ...  .  .  637,651 

Frames  (see  Horizontal;  Lock  gate;  Vertical): 

Lock  gates . . .  . . . . . .  164,165 

Mitering  lock  gate,  isometric  projection  of  . . . . . . .  176 

H.  Doc.  149 - 68 
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Francis's  formula —  Page. 

Compared  with  Bazin's . 644 

For  weirs  .  290,291,880,881,689,811 

Fret*  overflow,  relation  of  submerged  weir  flow  to .  812 

Freight,  St,  Marys  Falls  Canal  . .  184 

Freight  and — 

For  freight  and  passenger  service,  ships  for . . . .  131 

Passenger  service,  ships  for .  181 

Freight  carried  by  Erie  Canal  .  34 

Freight  of  waterways,  character  .  ...  253 

Freight  rates,  essentials  for  a  fixed  minimum .  238 

Friction  in  lock  gntes,  power  to  overcome .  155 

Frict  on  upon  surface  of  water,  formula  of  air  .  .  1K)4 

Frictional  resistance  in  quoin  .  155 

Frizell,  J.  P  ..  . .  888 

Fteley  and  Stearns  weir  experiments  . 5*9. 606, 674. 675, 812 

Fuertea,  Prof.  &  A  .  .  12,48, 128,669 

Fn.ton, Oswego  River,  discharge  curve  and  dam  section  (plate  108'. 

Fulton  to  Peter  Scott's  swamp  line  ,  .  . . .  464 

Funds.  (See  Appropriations:  Expenditures.) 

Future  traffic: 

Coal .  265 

Grain  .  .  284,266 

lr  >n  ore .  .  26 1. 286 

Lake,  development  of .  118, 120.  263. 265 

Lumber . 265 

Galliot,  M  175 

Garoga  Creek,  discharge  curve  and  dam  section  i  plate  122). 

Gates  (see  Lock;  Sliding:  Sluice),  for  culverts;  valves  for... .  146 

Gauge  readings: 

Cornell  weir  experiments  (plates  182, 188). 

Luke  Ontario . . 401 

Lake  st.  Francis  .  . . .  ....  899 

I  taWQgO  . .  -O'.'.  103 

St.  Lawrence  River  .. .  ...  ....  390.100,102.101 

St.  Lawrence  River,  Canadian  locks  . 101 

Ganges: 

Detroit  River.  .  .  .  284 

Lake  Erie  ..  ......  ......  284 

Niagara  River  301 

Water  800 

Gauging — 

New  York . .  587,591 

Richelieu  River . 431 

Sj>ecial  water-supply  investigation .  590 

Streams  tributary  to  deep  waterways  .  586 

Gauging  stations,  special  water-supply  investigation .  ..  587,606. 644 

Gear.  (See  Hoisting. ) 

General — 

Considerations  relating  to  lines  of  transportation .  ..  247 

Hydraulic  text- books  referring  to  lock  gates . .  200 

Profile.  (See  Profiles.) 

Route  and  estimates  of  St.  Lawrence  division  .  . . .  405 

Topography  and  material  of  St.  Lawrence  division .  405 
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Genesee  and  Hudson  rivers:  Page. 

Data . . .... . . . . . . . . .  585,586 

Rainfall . . . . . .  782 

Run-off  diagram  (plate  139). 

Run-off  mean . . _ .  585 

Genesee  River — 

Flood  flow . . . . _  .  808 

Precipitation  and  run  off . .  . . . . . .  583,585,782 

Geological  and  United  States  Coast  surveys . . . . .  128 

Gilbert,  G.  K  .  . . . . . .  . . . . . .  443 

Girder  form  of  lock  gates,  merits  of  the  arch  and. . .  ..  168 

Girder  weights,  lock  gates: 

Diagram. of  (plate  77). 

Table  of  (plates  75,76). 

Girders,  stresses  in . . . . .  171 

Glens  Falls  Paper  Company  . . .  339 

Goldmark,  H.,  assistant  engineer: 

Analysis  of  steel  lock-gate  deflections  by . .  194 

Lock-gate  investigations  begun  by  . . . . . . .  207 

Report  on  Poe  lock-gate  measurements . . .  191 

Gorge,  head  of  St.  Clair  River . . . .  37 

Gorges.  (See  Ice. ) 

Grades: 

Champlain  route .  . . . . .  373 

Lasalle-Lewiston  route . . . . .  346 

Tonawanda-Olcott  route . .  . . .  358 

Grain  traffic . . . . .  118, 264, 265 

Gravel  excavation . . . . . . . . . .  958 

Great  Lakes: 

Area  of  surfaces  and  watersheds . . . . . : .  274, 276 

Evaporation  . . . . . . . .  274,275,277 

Lake  Erie  regulation  effect _ _ _ _ _ _ _  _  277,278,297,298 

Largest  ship  on . . . .  133 

Locks  of  the . .  .  129 

Shipbuilding . .  . . .  133 

Greenbush  bench  marks  to — 

Hudson,  N.  Y  ..  .  . . . .  1016 

Lake  Ontario,  levels  run  from . . .  392 

Troy,  N.Y . . . . . . . .  1017 

Green,  David  M . . . . . .  805 

Grosse  Point  Shoal . . . . . . .  37 

Ground  water,  Champlain  route . . . . . . .  438 

Harbor.  (Nee  Buffalo;  Chicago:  Duluth;  Olcott;  Oswego.) 

Harbors  and  waterways,  lake . .  35 

Hardpan  excavation . . . . . . . .  958 

Harrison,  C.  L. ,  reports,  Tonawanda-Olcott  route,  Lasalle-Lewiston  route, 
Hudson  River  division,  Champlain  route,  flood  discharge,  Mohawk  Valley — 

Appendix  No.  10 . . . . . . .  338 

Haskell,  E.  E.. . . . . . . . .  299,1009 

Hay  Lake  Channel  . . . . . .  38 

Head  of  Niagara  River  (plate  84). 

Profile  of  (plate  90). 

Survey  of  foot  of  Lake  Erie  and .  42 

Head  of  St.  Clair  River,  gorge  at .  37 
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Headwater  reservoirs.  Black  and  Moose  rivers . 

Heap,  Lieut.  Col.  I).  P .  ■  -  •  . 

High  and  low  stages  (see  Elevations): 

Lnke  Ontario  . 

St.  Lawrence  River . 

High-level  project,  Oswego  Mohawk  route . 

High  water: 

Lake  Champlain . . 

Lake  Huron  . .  . . 

Lake  Michigan  . 

High-water  marks: 

i  >sw«'gn  route  proper  .  . 

Schenectady-Normans  Kill  line . 

Highways  crossings.  (See  ( 'rossiugs. ) 

Himes.  A.  .L,  report,  western  division.  Oswego-Mohawk  route— Appendix 

No  18  .  . 

Hinds,  F.  A  .  . 

Hinges  of  lock  gates . 

Pivots  and  . - . 

Strength  of . . 

History  of  field  work,  brief . 


573 

214 


400 

899 

62 


327 

2X.N 

288 

523 

342 


443 

945 

195 

153 

153 

41-48 


Hoganshurg,  N.  Y..  to— 

Cape  Vincent,  precise  leveling .  8®7 

St.  Regis.  Canada,  bench  marks .  1929 

St.  Stanislas,  Canada,  bench  marks .  .  1928 

Holgmte,  H  . 

Holton  Station.  N.  Y.,  photographs,  quartzite  outcrop  .  .  4:18 

Horizontal  frames  for  lock  gates  .  . . .  164,165,166 

Considerations  that  decide  the  form  of  .  19-» 

Eighty-foot  lock  gates,  most  economical  shape  of .  167 

Loading  on.  . 

Proportioning  of . 19® 

Webs  .  173 

Hough,  F.  B  .  ® 

Howell.  D.  .1.,  report,  eastern  division.  Oswego-Mohawk  route— Appendix 

No.  14  i  plates  25-33) . . . .  .  500 

Hudson.  (See  Tidal . ) 

Huds<  n  and  Black  rivers,  comparative  run-off  (plate  102) . .  .  -  777 


Hudson  and  Oencsee  rivers  run-off: 

Diagram  (plate  139). 

Mean  ...  .  ,s' 

Hudat m  River  ...  .  .  * 

Alignment  9®* 

Benchmarks . . . . . . 1016. 101  ■ ,  1023 

Catchment-area  precipitation .  '99 

Catchment  areas  and  maps  . 576 

Character  of  material . . . . .  — .  973 

Dams  across . - . .  .  42,3*  <.569 

Data . 5srt 

Discharge .  .  680, 388 

Drainage  of  upper  <  plate  04 ). 

Flood  How  .  .  .  693 

Flow,  Meclianicville .  775 

Levels  to  Lake  Ontario . - .  638 
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Hudson  River — Continued. 

Power  and  Transmission  Company .  339 

Precipitation  and  run-off .  . . . . .  782 

Rainfall . _  _ .  . . . .  . .  782 

Relation  of  meteorology  and  tides  (plate  100). 

Run-off.. . . - . . . . .  584,585 

Run-off  at  Mechanicville . .  . .  584,585 

Run-off  compared  with  precipitation  on  northern  plateau,  New  York.  .  776 

Survey  of  . . . . . .. . . . .  .  42 

W  aterway  from  Lake  Champlain  to  Troy . . . . . .  368 

Hudson  to  Greenbush,  N.  Y.,  bench  mai’ks . .  . .  . .  1016 

Hudson  River  division : 

Borings . .  . . 371 

Character  of  material . .  971 

CO't  of  work . . . . .  . .  372 

Channel  location . 373 

Channel  stability . . . . . .  80, 385 

Diamond-drill  borings  (figs) . . 970 

Estimates.. . 80 

Excavation .  79,971 

General  profile  (plates  66,67). 

Grades  .  373 

Mapping . . 370 

Materials . 79,971 

Party  organization . . . . . . . . . .  368 

Report,  H.  F.  Dose — Appendix  No.  15  (plates  49-55)  .  77,368 

Stadia  work . 372 

Structures . . 80 

Surveys . .  42, 369 

Huntington  dam  (photograph)  . . . .  . .  854 

Huntingtonville.  Black  River,  discharge  curve  and  dam  section  (plate  126), 

Huron  Lake.  (Nee  Lake  Huron.) 

Huron-Michigan  basin,  precipitatioix . .  .  275 

Hydraulic — 

Formula  for  flow  of  water  over  dams,  coefficients  of. .  . .  42,46 

Text- books  referring  to  lock  gates,  general ... . 200 

Hydrography.  Oswego-Mohawk  route,  areas  of . . 512 

Ice: 


Gorges,  Mohawk  Valley .  . . . 

Jams,  St.  Lawrence  division.. . . 

Seasons,  Champlain  and  Oswego-Mohawk  routes . 

Improved  level  rod  (fig.)  . . . . . 

Improvement  estimates,  lake  channels . . . 

Improvements,  original . . . . . . 

Improvements  of  lakes  and  related  waterways. . 

Incorrect  lake  gauges . . . . 

Increase  annually  in  cost  of  additional  depth  of  waterway _ 

Increase  of  width  of  prism  on  curves ...  . . . . . 

Increasing  or  decreasing  discharge,  effect  of  weir  submergence  in 
Index — 

Map  (plate  1). 

Page  for  field  notebooks,  precise  leveling . . 

Indian  engineers,  weir  formula  of . . . . . . 

Indirect  advantages,  relative . 


525 
■104 
245 
502 
27, 953 


27, 953 
.  284 

.  236 

.  44,46 
810,811 


1004 

589 

262 
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Pago. 

Inequality  of  telescope  rings,  precise  leveling  . .  1013 

Inquiry,  cost  of  statistics  . .  1046 

Inflow  from  Niagara  River  .  278 

Influence  of  waterways  on  railway  rates  . .  127. 272 

Initial  bench  marks  .  . .  1015 

Injury  of  channel  slopes,  limit  of  ship  sjieed  to  avoid . .  223 

Inlets  and  outlets  of  culverts . . . . .  145 

Instructions — 

From  Secretary  of  War  for  guidance  of  the  Board  —Appendix  No.  0.  part  1  328 

To  disbursing  officer.  Treasury  and  War  Departments...  . .  333 

To  field  parties— Appendix  No.  9.  part  2 .  334 

Instrument- 

Constants,  precise  leveling  . . . . . .  999 

Factors,  precise  leveling  . .  1014 

Instruments.  St.  Lawrence  and  Lake  St.  Clair  precise  leveling .  992 

Intensity  of  pressure.  (See  Miter  posts. ) 

Intermediate  channels  of  the  lakes  . . .  27,  88, 86, 958 

International  Bridge,  Niagara  River. . . . .  299 

Cross-section  (plate  88). 

International  features.  Lake  Erie  regulation  . . .  297 

Introduction  by  George  Y.  Wisner,  report  on  character  of  materials.  _  957 

Investigations: 

Design  and  weight  of  horizontal  frames  for  lock  gates .  166 

Determination  of  the  most  economical  shape  of  horizontal  frame  for 

gates  for  80-foot  lock  . . .  167 

Discharge  section  of  Niagara  River  discharge . . . .  299 

Lock-gate  frames . . . . . . .  166 

Lock  gates,  begun  by  Goldmnrk .  207 

Outline  of  Board's  . . . . .  43 

Special,  by  members  of  the  board . . . .  40 

Iron  ore,  future  traffic  ..  .  118,964,265 

Irregular  profiles,  Bazin’s  experiments  on  w  irs  of  .  . . .  610 

Isometric  projection  of  a  mitering  lock  gate . .  176 

Jams.  (See  Ice.) 

Jervis,  J.  B . 826 

K-  ifer,  'f.  C  . . 196 

Kennedy,  John .  128 

Kidd.  J.  II.  (Sir  Seen  tary  of  the  board.) 

Kiel  Canal,  si>eed  of  ships  in  .  224 

Kirby,  Frank  E.,  type  vessel  estimates .  123,  128,  132,  218,  253,  269 

K utters  formula  883 

Labor,  summit-level  water  supply .  949 

Lake  basins,  rainfall  .  276 

Lake  Champlain: 

Area . 322 

Bench  marks  . . .  . .  1023,  1020.  1027 

Country  between  St.  Lawrence  and .  426 

Dam  regulation .  .  326,  327 

Discharge . 326 

Elevations . . .  323, 430 

Evaporation .  326 

Fluctuations . . .  322 

High  water . 327 

Levels  through .  394 

Low  water .  326 
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Page. 

Lake  Champlain— Continued. 

Monthly  mean  discharge . .  324 

Rainfall . . . . . _ .  326 

Regulating  works . . .  326,  327 

Site  (plate  91). 

Regulation,  report  on,  Appendix  No.  8... .  321 

Soundings  and  borings  in,  authorities  for . . .  951 

Storage  and  supply . . 32a 

Surveys  through . 428 

To  Hudson  River  at  Troy. . 368 

Lake  St.  Francis .  1027 

Watershed . .  326 

Lake  channels,  report  on,  A.  J.  Swift,  Appendix  No.  17 .  951 

Alignment  . . .  89,92,953 

Elevation.  . 280,282,952 

Improvement  estimates . . 953 

Slopes.. . . . 1.. .  953 

Soundings . 951 

Lake  commerce,  draft  best  adapted  for . 237 

Lake  Erie: 

Control  . . . .  „ .  47 

Discharge . 289 

Effect  of  regulation . 49 

Elevations  .  . .  952 

Gauges. . 284 

Improvement . . 953 

Water  supply  . . . . . . . „  287,289 

Wind  effect  . ..  . 292 

Lake  Erie  as  a  source  of  supply  for  Oswego- Mohawk  summit  level . .  572 

Lake  Erie  regulating  works . . 48 

Canal  at. . 294 

Chain  suspension  for,  designed  by  S.  H.  Woodard . .  293 

Hoisting  gear  for  sluice  gates  (plate  87). 

Location  of,  proposed . . 293 

Lock  for  _ .  . .  293 

Masonry  and  superstructure  (plate  85). 

Operation  of . 293 

Piers . . . . . .  ..  293 

Sluice  gates  and  counterweights  (plate  86) . 293 

Superstructure  (plate  85). 

Weirs,  fixed  . 293 

Lake  Erie  regulation: 

Benefits  to  be  derived  from .  295 

Effect  of .  48,277,281.297,298,952 

Estimated  cost  of . 294 

International  features  of .  297 

Plans  for.  . . 282 

Report  on,  George  Y.  Wisner,  Appendix  No.  6 . .  273 

Rules  for. . . 288 

Structures  for,  designs  of .  293 

Study  of,  conclusions  of . 297 

Lake  Erie  to  Lake  Huron: 

Slopes . 279 

Thirty-foot  channel  estimates . . . 953,954,955 

Twenty-one-foot  channel  estimates . . . 953,954 
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Lake  Erie  to  Lake  Huron— Continued. 

Watei-surface  elevatioirs  , .  952 

Width  and  depth  of  channels .  953 

Lake  Erie  to— 

Lake  Michigan .  86 

Lake  Ontario .  339 

Lake  Ontario  bench  marks .  .  1037 

Lakes  Huron.  Michigan,  and  Superior  channels,  report.  Appendix  No.  17.  951 

Lake  Superior .  86 

Lake  fleet,  deep  waterways  an  outlet  for .  127 

Lake  harlmrs  and  waterways .  35 

Lake  Huron: 

Elevations . 952 

Estimates  of  improvement . 953 

Evaporation. . 274 

Fluctuations .  274 

Foot  of  . . 37 

High  water, .  288 

Level  lowered .  .  38 

Kainlall  . 273 

Hun-off .  273.276 

Water  supply  874 

Lake  Huron  to  Lake  Suj>erior.  channel  estimates .  39,953,956 

Slopes  979 

Lake  levels  structures  for  regulation  .  42 

Lake  Michigan: 

Evaporation .  274 

Fluctuations  . 274 

High  water . r .  288 

Level . 37 

Rainfall .  275 

Runoff  979,979 

Shoals  at  foot  of . . . . . . . - .  37 

Water  supply  .  274 

Lake  Michigan  to  Lake  Erie,  channel  estimates .  86.951 

Lake  Oneida: 

Benchmarks . 1018 

Borings  . . .  ts>.  t "•* 

Catchment  areas  and  maps . 576 

Drainage  (plate  97). 

Lake  Ontario: 

Effect  of  Lake  Erie  regulation .  49, 277 

1 3ei at :< me  ...  .  977,978 

Estimates  for  channel  between  Minetto  and .  463 

Fluctuation . 277 

Levels  run  from  Green  bush .  392 

Water  level  curves  (plate  81). 

Lake  Ontario  and  St.  Lawrence  River  stages  compared .  400 

Lake  Ontario-Atlantic  routes,  comparison . 242 

Lake  Ontario  at  Oswego,  gauge  readings .  401 

Lake  Ontario  to  Lake  Erie,  l»ench  marks .  1037 

Lake  regulation  .  273 

Lake  regulation,  cost  of  lake  channels  with  aud  without .  296 
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Lake  St.  Clair  (plates  6-13) . . . 

Channel .  _ . . . . . 

Elevations . . . . . . .. 

Estimates  . . . .  . . 

Slopes _ . . .  _ _ _  _  _  . . . _ 

Lake  St.  Clair  and  St.  Lawrence  River  bench  marks . ..  . 

Lake  St.  Clair  and  St.  Lawrence  River  precise  leveling.  {See 
River. )  ■ 

Lake  St.  Clair  bench  marks  .. . . . . . 

Lake  St.  Francis  .. . . 

Bench  marks . . . . .  ... . . . . 

Elevation  . . . .  . . 

Gauge  readings  . .  . . . . . 

Lakes: 

Effect  of  Lake  Erie  regulation . . . 

Flow  through  waterway  system,  distribution  of _ 

Intermediate  channels  of  . . . . . . 

Storage  . . . .  .  .  . . . 

Superior  to  Lake  Erie,  estimates . . 

To  tide  water,  estimates . .  . 

Traffic  .  . . . . . . . .  _ 

Future  development  of . . 

W ater  gauges,  incorrect . .  . . 

Lakes  and  related  waterways _  _ _  _ _ _ 

Lakes  Michigan  and  Superior  to  tide  water,  estimates  . 

Lake  Superior: 

Channel  to  Lake  Huron . . . . . . . 

Commerce . . . . . . . . . 

Elevations  . . .  . 

Storage . . . .  .  . ... 

Land  and  water  surface  evaporation,  Oswego  River  basin  _  . 

Land  damages,  Black  River  reservoir _ _ _ 

Landslides,  drainage  to  prevent _  ..  . . .  . . . 

Large  locks,  disadvantages  of. . . . 

Large  ships  in  restricted  waterways,  movement  of . . 

Largest  existing  ship  on  the  Great  Lakes . . . 

Lasalle-Lewiston  route: 

Alignment . . . . . 

Bridges . . . 

Crossings . . . . 

Diamond-drill  borings  (fig.  959) . . . . 

Distance . . . .  . . . . 

Estimates  . . . . . . 

Excavation . . . 

General  profile  (plate  60). 

Grades. . . . . . . . . 

Locks . . . . 

Material . . . . . . 

Materials  for  construction .  . . . . 

Report,  C.  L.  Harrison,  Appendix  No.  10  (plates  14, 15,60) 

Retaining  walls  and  slopes. . ...  . 

Streams  crossed  ..  . . . 

Twenty-one  foot  channel . 

Water  power  for  operating  locks . . . 


. .  36,84,1009 

. . .  37 

. .  952 

. .  953 

. 1009 

. .  995 

St.  Lawrence 


. . 1039 

. 400 

.  1027 

. .  404 

.  399,403 

_  279 

. . .  276 

..  27,83,86,953 

.  274 

86 

. . 113 

.  117,262,265 

118.120.263,265 

_  284 

_ _  27,953 

. .  113 

.  39 

_  38 

. .  952 

_  . .  274 

.  812 

.  .  843,856,864 

.  63 

.  133 

. . 217 

_  133 


92 
351 
.  351 

980, 986 
92 

o5, 3o2 
.  343 


....  346 

..  347,352 
53, 343, 958 
54 

...  338,343 
.....  347 

...  54,349 
92 

....  348 
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Lnsalie  Lewiston  and  Tonawanda  Oleott  routes: 

Relative  values  of  . 

Surveys  .  .  . .  3**0 

Lasalle  to  Lewiston  bench  marks .  1039 

Latham,  Baldwin  . - .  s*3 

I  ..I  V.  ..nne.  M  ...  ...  IW 

Law  of  variation  of  intensity  of  pressure,  l>earing  faees  of  miter  posts. . ..  156, 168 

Legge, 1  •  .  1*1 

Lelleinand's  method  of  determining  pay  for  leveling .  1608 

Length  nnd  dra't  of  ships,  ratio  between  .  .  182 

Length  of  one  meter  on  leveling  rods  . . . . -. . .  1014 

Letter  appointing  board  . . - . - . .  25 

Level.  See  New  York  summit.) 

Leveling  (sir  Precise): 

Correction  of  rod  readings  . .. . . . .  1014 

Instrument  factors . . . . . ... . .  1014 

Lelleinand's  method  of  determining  pay  for . .  1008 

Sources  of  error  . .  . . . . .  005.908 

Level  rod,  improved  (fig.) .  . .  603 

Levels  (sir  Lake;  Low:  Precise:  Water): 

Chnmplain  route  ..  .  . - .  303 


Tidal  Hudson  . 

Level  tube  inclination,  correction 
Level  work,  Os\ve:o  Mohawk  route 
Lewis  I'am,  Beaver  Falls  (photograph) 
Lewiston  flight  of  locks  plate  60). 


( trigin  for . 

( Irown  Point  light  house  to  Troy 
Qreenbnsh  to  Lake  Ontario 
Hudson  R  ver  to  Lake  Ontario 
Instructions  for  running 

Lake  Champlain . . 

Lake  Huron  . 

Lake  Michigan  . .  - 

<  tswego  Mohawk  route 

St.  Lawrence  and  St.  Clair . 


429 

394 

302 

338 

335 

304 

88 

37 

302 

092 

065 

1013 

502 

854 


Estimated  cost 


117 


Gates  for  <  plate  74). 

Lewiston  to  LaSalle  bench  marks.  . 

Lift  of  locks.  )>oints  affecting . 

Light-house.  (Sir  ( Irown  Point. ) 

Light-house  and  fog  signal,  Oswego  breakwaters  ... 

Limit  of  Bpeed  in  canals .  .  . . .  ..  . 

Limits,  discharge  observations,  Niagara  River  . 

Line  of  the  discharge  section  <*e.  Meter  observations) 
Line  through  — 


214 

223 

320 

810 


Lake  Champlain,  surveyed 
Lake  St.  Francis,  surveyed 


428 

428 

465 


Peter  Scott's  swamp,  Oswego- M oha wk  route 
Lines  (see  Routes:  Divisions): 


Characteristics  of  transpirtation 
Oswego-Mohawk  route . 


266 

511 

462 

385 

247 


Alternative . 

Trans  t .  . 

Transportation,  general  considerations  relating  to 
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Lining  of  culverts  . . .  145 

Little  Falls,  discharge  curve  and  dam  section  (plate  120). 

Loading  on  horizontal  frames  of  lock  gates . . .  189 

Location  ( see  Routes;  Divisions): 

Champlain  route,  conditions  governing. . . . .  428 

Lake  Erie  regulating  works . 293 

Schenectady-Normans  Kill  line _ . 543 

Lock: 

Gate  for  60-foot,  lower  (plate  71). 

Lake  Erie  regulating  works . . . .  293 

Poe,  measurements  of  __  . . . .  159 

Time  required  to  fill  or  empty  . . . __ . .  146 

Weitzel,  traffic  through .  . . . . .  136 

Lockage: 

Delays  to. . .  . . . . . . .  140 

Double,  advantages  of  . . _. . .  _  141 

St.  Marys  Falls  canal . . . . .  129 

Single,  advantages  of .  . . . ... .  131 

Size  of  ships  that  would  require .  . . . . . .  132 

Time,  formula  of  ...  . .  137 

Lockage  capacity  of  waterways: 

Thirty-foot . . . . . . .  139 

Twenty-one-foot . . .  _ . . . .  . . .  135 

Lock  and  approaches  Sault  Ste.  Marie,  Mich.,  30-foot  channel _ _  955,956 

Lock  estimates,  St.  Marys  Falls  canal. ... ....... . . .  955 

Lock  floors,  method  of  construction . . .  144 

Lock  gate: 

Bascule .  .  . . . . .  150 

Deflection  of,  diagrams  showing  (plate  80)  . . . .  176 

Deflections,  analysis  by  H.  Goldmark. . . . . . . .  194 

Curves  (plate  80). 

Double-leaf  mitering . . . . . . . .  150 

Eighty-foot,  Oriskany  (plates  72,  73). 

Mitering.. . . . . . .  151 

Plunging.. . 150 

Poe,  measurements . . . . .  191 

Quadrant. . . . . . . . . .  150 

Single-leaf . 150 

Sixty-foot  (plate  70). 

Sliding . 150 

Tumble _ _ 150 

Under  pressure,  diagram  showing  deflection  of . .  174 

Lock  gate — 

Frames,  flange  section  . . . . . .  . . 171,172 

Hinge,  anchorage  of .  196 

Hinges . . 153,195 

Lock  gates  (see  Framing;  Miter  post). . . . . .  146 

Air  chambers  . . 152 

Anchorage . . . . . . .  ..  . .  195,196 

Bibliography  of  articles  studied .  . .  .  200 

Bending  moment  in  vertical  system  . . . . . . . . .  189 

Buoyancy,  provisions  for . .  . . . . . .  153 

Deflections  of  steel . . . . . . . . 175, 194 

Equilibrium  polygon . 170 

Estimates .  , . . . . . .  147,  148, 197 
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Lock  gates — Continued.  Page. 

Frames  of  a  mitering  gate,  isometric  projection  of  .  170 

Framing  for  horizontal . 164 

Framing  for  vertical .  164 

Footbridge  . - . . .  19(1 

Friction,  power  to  overcome  .  155 

Girder  weights  for  70-foot  (plate  70). 

For  00-foot  (plate  75). 

Hinge,  upper  195 

H  irizontal  frameaof;  considerations  that  decide  the  form  of .  165 

Design  and  weight  of .  . . .  . . . -  166 

Loading  on . . . . . .  189 

Most  economical  shape  of . 167 

Webs  of  17',* 

Investigations  Itegun  by  Gohlinark .  207 

Machinery,  oj>erating . 140 

Material  .  ....  151 

Used  in  England,  Europe,  and  America  . .  152 

Merits  of  the  arch  and  girder  form . . .  108 

Miter  contact  of,  effect  of  temi>erature  on .  158 

Miter  posts  .  106,  168 

Adopted  design . 155 

Thrust  at . . 159 

Monographs  on,  special . . .  203 

Periodicals,  and  transactions  of  engineering  societies  referring  io  204 

Pivot  196 

Pivots  and  hinges  .  153 

guoin  jtost,  adopted  design  .  154 

Report  on,  by  S.  H.  Woodard — Api»endix  No.  2 .  .  148 

Rollers  for  108 

sin-  ithing  .  .  169, 1 78, 19 1 

Sill  contact  ...  .  .  ...  196 

Sliding  ...  150 

Steel,  behavior  of  large . 191 

Steel  and  wooden  . . . . . . .  146,151 

Steel  letter  than  wood  for . .  .  152 

Stiffness,  effect  of  vertical .  174 

Studies,  outline  of  148 

Styles,  outline  of  various  . 148 

Supi>ortof . 152 

Text-books,  referring  to  . 200 

Tidal  160 

Tyj>e8,  study  of .  150 

Vertical  stiffness  of.  analysis  of  the  effect  of .  174 

Weights  of,  curves  of  (plate  79). 

Estimates  of  . . 197 

Parabolic  curves  . *..  .  199 

Lockport  and  Watertown,  comparison  of  ecouomic  statistics  of .  840 

Locks: 

Calculated  delay  at .  134 

Canadian,  readings  of  St.  Lawrence  River  at . . .  401 

Champlain, 52-foot  lift  (plate  08), 

Champlain  route  .  383, 384, 432, 439 

Culverts  for  filliug  and  emptying .  144 
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Locks — Continued.  Page. 

Description  of,  general . . . . . .  143 

Dimensions  adopted . . . . . . 130-133 

Double,  advantages  of  . .  . . . . _ . .  141 

Duplicate,  dimensions  of . . . . . . _ . .  141 

Estimates  .  . . .  147 

Great  Lakes  ...  . . . . . . . . . .  129 

Large,  disadvantages  of . . . . __  133 

Lasalle-Lewiston  route . . . . . .  347, 348. 352 

Lewiston  flight  (plate  69) . 147 

Lift  of,  points  affecting . . . . . . . .  142 

Low-level  plan,  Oswego-Mohawk  route . . . .  471 

Machinery  for,  electrical  operating  .  _. . . .  146 

Masonry  of . . . . . . . . _ .  146 

Oriskany.  20-foot  lift  (plate  68). 

Oswego-Mohawk  route . . 66,453,547 

Report.  Alfred  Noble — Appendix  No.l . .  .  129 

St.  Lawrence-Champlain  route . . 75 

St.  Lawrence  division. . . . . . . . .  404,423 

Sault  Ste.  Marie  _  . . . . . . . .  953 

Sill,  rise  of .  . . .  152 

Single,  advantages  of . . . . . .  131 

Steel  adopted  as  material  of.. . . . . . . .  152 

Tonawanda-Olcott  route . . . . . .  358, 359, 365 

Walls _ ...  . . .  . . . .  141 

Lock  or  system  of  locks  for  the  passage  of  ships,  capacity  of. _  ..  .  134 

Lock  quoin  posts: 

Design _ _ • . . . . . . .  154 

Material  . . . . .  . . . .  154 

Lock  walls,  methods  of  strengthening . . .  144 

Locks  in  combinations,  capacity  of . . . . . .  138, 139 

Losses  by  evaporation  and  percolation,  Black  River  feeder  line . .  823, 908 

Lower  gate: 

Eighty-foot  lock,  Oriskany  (plate  73). 

Sixty-foot  lock  (plate  71). 

Lower  Mohawk  River  flood  flow .  801 

Low  level,  Oswego-Mohawk  route. .  63, 94, 468 

Alignment. . 472 

Bridges  for . . . . . . . .  471 

Estimates  for . . 473 

Locks  . . 471 

Rainfall  and  run-off  data . .  482 

W  ater  supply  .  . .  479 

Low  level  ship  canal,  water  supply  for  . . '..  824 

Low  stages  ot' — 

Lake  Champlain . 326 

Lake  Ontario  and  St.  Lawrence  River,  comparison  of  high  and . .  400 

St.  Lawrence  River,  high  and. . . . . . .  399 

Tidal  Hudson  ..  .  . . . . . .  563 

Lumber  traffic,  future . . . . . .  . . .  119,265 

Lydecker,  Lieut.  Col.  G.  J. . . . .  . . . .  128,280,951,1009 

Lyons  Falls,  water-power  development  at,  photograph . . .  854 

M,  Bazin’s  coefficient  . . . .  608,609,639 

Machinery  of  lock  gates . . . . . . .  146 
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Macklin,  J.  W  . 128,431,432 

Maintenance  and  operation  of  waterways,  cost  of . . .  126,271 

Manchester  canal: 

Culvert  construction .  . . - .  143 

Gates  of,  wooden . 151 

Ship  speed  in .  224 

Manufacturing  projects  on  Black  River,  early  water  power  and .  828 

Map,  index  (plnte  I  i. 

Mapping: 

Champlain  route  . 370 

Hudson  River  division . .  370 

Niagara  ship  canal  .  ..  .  842 

Oswego-Mohawk  route  .  . .  .  .  .  406,512 

Maps  (see  list  i>f  Plates  in  Contents): 

Catchment  areas  and.  special  water-supply  investigation .  576 

Hudson,  Mohawk,  and  Black  rivers  and  Oneida  Lake .  576 

Marceau,  Ernst.  ...  .  .  .  128,430,431.432,442 

Mu ichal,  A  .....  .  607 

Marks.  (.Sec  Bench;  Wat*  r. ) 

Marsh  area,  evaporation  from  . . . . . . .  813 

Ma-imry.  '<«  k  gates  -  146 

Masonry  and  su|K*rstructures,  Lake  Erie  regulating  works  i plate  85). 

Material  (see  Excavation): 

Breakwaters  at  Oswego  and  Olcott .  . .  214 

Champlain  route .  437. 067, 069, 071 

Deep  waterways  routes,  character  of,  report  on.  Appendix  No.  18 .  057 


For  construction  . . .  54 

Hudson  River . 973 

In  England.  Europe,  and  America  .  132 

Lasalle- Lewiston  route  .  53,343,958 

Lock  gates  .  151 

New  York  summit-level  water-supply  feeders,  source  of .  944 

( iswego-Mohawk  route .  962.964 

t^uoin  posts,  lo.k  .  154 

St.  Lawrence  d. vision . - .  405 

Schenectady-Normans  Kill  line .  539 

Tidal  Hudson  569 

Tonawanda-Olcott  route . 960 

Maximum  discharge.  Lake  Erie . 290 

Maximum  storage: 

Lake  Erie  ...  288 

Lakes  Michigan  and  Huron. .  289 

Mo  Alpine,  William  J .  .  .....  805 

McElroy,  Smmm)  .  .  -  -  . . .  878,805,806 

McLeod,  Pn >f.  C.H..  431 


Mean- 

Discharge  of  Lake  Champlain,  monthly  .  .  324 

Elevations  of  Lake  Champlain,  monthly  . .  323 

Run-off  between  Genesee  and  Hudson  rivers,  data . .  585 

Storage  and  supply  to  Lake  Champlain,  monthly . .  325 

Tide  at  New  York.  Champlain  route,  elevations  above .  397 

Tide  at  New  Yolk,  Oswego-Qlcott  route,  elevations  above .  397 

Mean  velocity  coefficients  for  computing  Niagara  River  discharge  observa¬ 
tions  . .  313,315 
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Means  for  providing  for  buoyancy  of  lock  gates  .  _ _  _ .' .  153 

Measurements  (see  Discharge): 

Flood  discharge,  Mohawk  and  other  New  York  streams . . .  390 

Mohawk  River  flood,  report,  C.  L.  Harrison,  Appendix  No.  10 _  338, 390 

Poe  lock  gate,  report  on . .  . . .  . .  ,191 

Mechanicville,  N.  Y. ,  Hudson  River  flow  at.  _ _ _ _ _ _  775 

Run  off  at .  . .  . . . . . . .  584,  585 

Meeting  of  miter-post  faces,  study  of  center  of  pressure  of _ _ _  156 

Members  of  the  Board,  special  investigations  by  . .  . . . . . .  40 

Mendenhall,  Prof.  T.  C - -  ..  . . . . .  ...  .  ...  992 

Merits  of  the  arch  and  girder  form  of  lock  gates.  . ._ _  _ _ _  .  ...  168 

Metal  quoins  .  . . .  . . . .  _.  _ _ .  155 

Meteorological  stations.  New  York,  precipitation  records  at  some  . . .  692-773 

Meteorology  and  tides  at  Albany,  diagram  showing  relation  of.  Hudson  River 
(plate  100). 

Meteorology.  New  York . . . . .  . .  692, 777 

Relation  of  run-off  to  precipitation . . . .  . . . . .  777 

Meter  on  rods,  standard  length  of  one  . . .  . . . .  ....  1014 

Meter  observations: 

Direction  of  current  .  .  . . . . . . . .  310 

Direction  of  the  normal  to  the  bridge  or  to  the  line  of  the  discharge  sec¬ 
tion  . . . . . .  310 

Discharge . . .  . . . . v _  306 

Flow  of  the  river,  for  mean  direction  of . . .  310 

Reduction  of . . . . . . .  311 

Transverse  curves . . . . . . . . . .  309 • 

Vertical  curves  . . . . . . .  309 

Meter  ratings: 

Results  of .  . . .  . .  ...  304 

Summary  and  comparison  of. . . . . . . .  305 

Meters  and  recording  device,  current . . . . . .  301 

Method  of — 

Computing  discharge  for  Schoharie  Creek  dam,  New  York .  . . .  645 

Constructing  lock  gates _ _  _ _ _ _  .  141 

Determining  pay  for  leveling,  M.  Lellemand’s. . . . .  1008 

Measuring  deflections,  Poe  lock  gate  (fig.) . .  192 

Rating  current  meters . . . .  304 

Methods: 

Diamond-drill  borings . . . .  975 

Field  party  work . .  . . .  . .  .  334 

Gauging;  special  water  supply  investigation . .  590 

Precise  leveling,  Detroit  and  St.  Clair  rivers . . .  1010 

Precise  leveling,  St.  Lawrence  and  Lake  St.  Clair . . .  1000 

Stadia  work  .. .  . . .  . .  336 

Survey . . . . . . . . .  340, 500 

Methods  of— 

Computing  flow  over  dams  at  gauging  stations,  water-supply  investiga¬ 
tions  . . . . . .  606 

Making  Board’s  payments  . . . .  1044 

Strengthening  lock  walls . . . .  144 

Michigan.  (See  Lake. ) 

Middle  gates,  Lewiston  flight  (plate  74). 

Middleville,  West  Canada  Creek,  discharge  curve  and  dam  section  (plate  119) 

Miles  surveyed  and  cost  by  divisions  . .  1048 
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Mills.  (Me  New  York;  Ree<lers:  Ridge.)  Page. 

Minetto  ami  Lake  Ontario,  estimates  for  channels  between .  -M3 

Minetto  to  Oswego.  Oswego-Mohawk  route  . .  462 

Minimum  — 

Freight  rates  .  238 

Stage.  Lake  Erie  . 281) 

Transportation  rnte,  dimensions  of  canal  for .  239 

Miscellaneous  streams.  New  York,  run  off .  588 

Mississippi  River  Commission  .  .  ..  .  . .  1009 

Miti  r  contact  of  lock  gate,  effect  of  temj>erature  .  138 

Mi  ering  lock  gate,  doable  leaf  .  .  130 

Mitering  lock  gate  tbestamlard  for  lock  gates  .  131 

Miter-post  faces.  study  of  center  of  pressure  of  meeting  . .  136 

Miter  posts  (sec  Lock  gates*: 

Rearing  faces,  law  of  variation  of  intensity  of  pressure .  136 

Bearing  piece,  contact  of;  cylindrical  surface  (figs.) .  lttl 

Bearing  piece  for  ( fig.) . .  . - . ..  UK) 

Bearing  surface,  contact  of  plane  (figs. ) .  .  .  137 

Cylindrical  l»earing  blocks;  analysis  for .  .  161 

Design  of.  adopted  .  . . . .  135 

Eccentricity  at,  diagram  showing  effect  of  (plate  ?*). 

Measurements  of  tiinlier  compression  of.  Roe  lock  .  139 

Meeting  faces  of . . . .  136 

Analysis  of  pressure  of  . . . . .  137 

Poe  lock,  elasticity  of  wood .  193 

Steel-bearing  pieces  in . 163 

Thrust  IK 

Timl>er-b  airing  faces  of.  examination  of  laws  of  Intensity  of  . . .  136, 163 

Meter  sill,  elevation,  St.  Johns  .  429 

Modulus  of  elasticity  of  wood,  miter  post,  Poe  lock .  ...  193 

Mohawk.  (Mr  Oswego;  Upper.) 

Mohawk  River: 

Bridges,  aqueducts,  and  ferries  over  .  317 

Catchment  art  as  and  maps  .  576 

Dams . 513,515 

Drainage  (plate  95). 

Flood  flow  796,801,800,804  805 

Flood  measurements,  report,  C.  L.  Harrison.  Appendix  No.  10 .  338 

Flood  of  1806  790 

Little  Falls,  discharge  curve  and  dam  section  (plate  120). 

Rexford  Flats,  discharge  curve  and  dam  section  (plate  125). 

Rexford  Flats.  Hood  flow  803 

Ridge  Mills.  N.  Y..  discharge  curve  and  dam  section  (plate  114). 

Run-off  .  .  ..  .  386 

Watershed  precipitation  .  480 

Mohawk  River  and  other  New  York  streams,  flood-discharge  measurements.  390 
Mohawk  Susquehanna  divide,  water  supply  from  New  York  state  reservoirs.  8*35 
Mohawk  Valley: 

Bench  marks  .  1018 

Floods,  control  of . 816 

Ice  g<  trges . 525 

Molitor,  D.: 

(tanging  of  Lake  Ontario,  by . . . . . .  402 

Precise  leveling.  Hogansburg  to  Cape  Vincent .  397 
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Molitor.  D. — Continued.  rage 

Report,  precise  levels,  St.  Lawrence  River  and  Lake  St.  Clair,  Appen¬ 
dix  No.  20 . . .  .  . . .  . . .  . . 

Self-reading:  precise-level  rod  designed  by, . _ 

Moment.  {See  Bending  of  lock  gates. ) 

Money  and  property  accountability  of  Board  governed  by  United  States 

Army  Regulations . . . . . . . 

Monographs  on  lock  gates,  special . . _ . . . .  203 

Monro,  Thomas  ..  .. . . .  .  128,427,428,429,442 

Monthly  mean — 

Discharge,  Lake  Champlain . . . . . .  324 

Elevations,  Lake  Champlain . . .  323 

Storage  and  supply,  Lake  Champlain . . .  325 

Montreal  Harbor  Commission . . . . . . .  128 

Moose  River  reservoirs . . . . . . . .  573,574 

Most  favorable  deep  waterways  routes . .  .  271 

Motion.  {See  Ship's.) 

Mount  Hope  Reservoir,  Rochester,  evaporation  observations  at _ _  586 

Mud  excavation  .... . . . . . .  958 

Mullins,  Lieutenant-General. . . .  589 

Nappes,  classification  of  different  species . . . .  ..  _  658 

Navigation,  period  of . . . . . . .  245 

Newell,  F.  H . . .  486 

N  ew  Y ork : 

Black  River  run-off  compared  with  precipitation  on  northern  plateau..  776 

Canals,  proposed . 33 

Canals,  system  of . . . . . . . .  28 

Creeks,  flood  flows  of  some . . . . .  789,790,795,802 

Floods  in  central,  probability  of . . . . . . .  814 

Drainage  (plate  99). 


Gauging  of  streams  in  central  and  eastern . . 
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Gauging  stations . .  587, 591 

Meteorology . .  692, 777 

Precipitation . . . . . .  692, 773, 81 5 

Rainfall  (plate  98). 

Run-off  to  precipitation,  relation  of.. . 777 

Streams,  run-offs . . . .  579, 586, 599 

Triangulation . 501 

Value  of  Watertown  to  State . . . . .  837 

New  Y ork  Mills.  Sauquoit  Creek,  discharge  curve  and  dam  section  (plate  1 18) . 

New  York,  N.  Y. ,  elevations  of  routes  above  mean  tide  at.  notable. .  397 

New  York  State — 

Dam,  Troy . 563,569 

Engineer  E.  A.  Bond . . . . . .  . . . .  339 

Reservoirs  on  Mohawk-Susquehanna  divide,  water  supply  from. - -  825 

New  York  to  Buffalo: 

Comparison  of  routes . . .  245 

Distances . . . . - .  244 

New  York  tributaries  to  deep  water wa3rs,  gauging  of . . .  586 

New  York  water  supply.  {See  Water-supply  investigation.) 

Niagara  Falls  to  Tonawanda,  bench  marks.... .  . .  .  1038 

Niagara  River  . 35 

Bench  marks, Canadian  side  . . . .  1038 

Channel  between  Lake  Erie  and,  estimated  cost  of .  295 
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Niagara  River — Continued.  Page. 

Current  velocities,  vertical  curves  (fig.) . . . . .  312 

Discharge  formulas  . • - - -  284 

Fall,  curves  of  ( plate  NO) . . . . . 315,316 

Gauges  .. .  .  . . . —  301 

Head  of  (plate  84). 

Inflow  from  .  .  . - .  278 

International  bridge. cross  section  at  (plate  ><8) . .  290 

Lake  Erie  regulation,  effect  of  .  49, 277 

Profile  of  head  of  ( plate  90 ). 

Slope  of,  for  different  stages  of . -  .  ...  290 

Survey  of  fix>t  of  Lake  Erie  ar.d  head  of  .  42 

Niagara  River  discharge .  42,284 

Computations  for  discharge . 316 

Curves,  discharge  (plate  89). 

Curves,  discharge,  and  curves  of  fall  (plate  89) .  321 

Discharge  section .  299, 31 1 

Ke]>ort.  C.  11.  Stewart,  Ap]KMidix  Not  ?. .  -  .  . 98 

Niagara  River  discharge  ami  Lake  Ontario  water  levels,  curves  of  (plate  81 ). 
Niagara  River  discharge  observations: 

Coefficients  for,  mean  velocity  . . . . . . . .  313 

Curves  of,  vertical  and  transverse . . .  311 

Limits  used  in  selection  of  . . . . . . .  320 

Niagara  route:  (.See  Niagara  ship  canal.) 

Borings . 341 

Re|»ort.  C.  L.  Harrison.  A ppendix  No.  10 . .  338 

Surveys . 340 

Niagara  ship  canal  (see  Niagara  route) .  50 

Deep-  water  way  survey. . . . . . . . .  52 

Lasalle- Lewiston  route . . . . . . . . . .  53 

Mapping  _ _ 342 

Physical  characteristics  .  51 

Recotinoissance . 241 

Surveys  and  examinations  of,  former .  41, 52 

Tonawanda-Oloott  route . 355 


Niagara  ship-canal  routes  . 50 

Comparison  of  waterways . 241 

Vicinity  (plate  92). 

Nichols,  L.  L  .  805 

Nine- Mile  Creek: 

Discharge  curve  and  dam  section  (plate  115). 

Run-off  . 586 

Niskayuna  Albany  line: 

Via  Shakers,  Oswego- Mohawk  route,  eastern  division .  534 

Via  Town  Hou*e  Corners . .  ...  535 

Noble,  A.,  report  on — 

Locks,  Appendix  No.  1 .  129 

Speed  of  ships.  Appendix  No.  4  .  216 

Normal  to  the  bridge  (sec  Meter  observations)  . . . .  310 

Normans  Kill.  (.See  Schenectady. ) 

North  Atlantic  route,  development  of  ocean  ships  of .  134 

Northern  division.  Champlain  route  (see  Lake  Champlain;  Richelieu  and 
Chateaugay  rivers): 

Alignment . . . . . . . . .  438 

Borings .  £84, 986 
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Northern  Division,  Champlain  route — Continued. 

Bridges . . . . . . 

Crossings . . . . . . . . . . 

Estimates . . ...  . . . 

Location . . . .  . . . . 

Locks  . . . . . . . . . . 

Materials . . . . . . . 

Profile  (plate  65) . .  . . 

Report,  F.  P.  Davis,  Appendix  No.  12  (plate  44-48) . 

Surveys  . .  . . . . .  . .  .- . 

W ater  supply . . . .  . 

Northern  plateau,  New  York.  (See  Black  River;  New  York.) 

Notable  elevations  of  routes  above  mean  tide  at  New  York . 

Notebooks,  precise  leveling,  index  page  for . .  . . 

Note  keeping,  precise  leveling . 

Note  plotting,  Tidal  Hudson . 

Notes  ( see  Field): 

Example  of  field . . . . 

Plotting  field . . 

Reduction  of  . . . . . . . . 

Observations.  (-See  Current;  Discharge;  Meter;  Piezometrie. ) 
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Office  of  the  Board  in  Detroit . — . 

Office  reduction,  precise  leveling .  . 
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Oswego-Mohawk  route . . 

Schenectady-Normans  Kill  line . . 

Olcott.  (See  Breakwaters,  Tona wanda.) 

Olcott  Harbor . . . . 

Olcott  and  Oswego,  N.  Y.,  computation  diagram  for  breakwater 

Olcott  and  Wilson  routes,  New  York  canals . 

Olcott  to  Buffalo,  bench  marks  . . . . 

Oneida.  (See  Lake. ) 

Oneida  and  Upper  Mohawk  watersheds,  precipitation  . . 

Oneida  Creek,  discharge  curve  and  dam  section  (plate  110). 
Oneida  River: 

Bench  marks . . 

Catchment  area . . . 

Oneida  watershed,  precipitation . . 

Ontario.  (See  Lake.) 

Open  navigation,  period  of . . .  . . 

Operating  machinery  of  lock  gates . . . 

Electrical . . . . . .. 

Operations  of — 

Lake  Erie  regulating  works . 

Locks,  power  for . . . . . 

Waterways,  cost  of  maintenance  and . . 

Operations  of  board  . . . . . . 

Orders  for  guidance  of  the  Board . . . 

Ore,  future  traffic  in  iron . . . . . 

Organization  (see  Party),  field  parties . . . . 

Organization  of  the  board  . . . . 
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Original  conditions . . 
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Oriskany:  I’aKe. 

(▼ates  for  HO-foot  lock  (plates  72,  78). 

2(*-foot  lift  looks  (plate  (18). 

Oriskany  Cn  ek. 

Discharge  curve  and  dam  section.  Oriskany  (plate  116.) 


Run-off  ....  .  . .  586 

Oriskany  Creek.  Reeders  Mills,  discharge  curve  and  dam  section  (plate  117). 

Orr, Frederick  ....  . .  888, ATI* 

Orwell.  Salmon  River,  discharge  curve  and  dam  section  (plate  118). 

Oswego  (see  Breakwaters)  . 208.  211,  214,  216 

Oswego,  gauge  readings  800,408 

Oswego  and  Oleott,  N.  Y..  computation  diagrams  for  breakwaters  .  216 

Oswego  Canal  82 

Oswego  Harbor,  plan  of  breakwaters  (figs.  »  . 216 

Oswego  line,  Minetto  to . 462 

Oswego- M ohawk  route . 60. 61. 68 

Alignment .  94,454,472 

Alternative  lines  .  402 

Aqueducts  . . 517 

Artificial  features . 513 

Borings . 507 

Bridges  .  66,454.471,548 

Canals,  existing .  66 

Cost,  summary  of .  561 

Crossings  . 248 

Dams . . . . . .  66,  546 

Description . . .  4  8 

Diane md-drill  borings  (fig.) .  .  . . .  968,981,986 

Eastern  division,  report  on,  D.  J.  Howell,  Appendix  No.  14  (plates 

90-88)  800 

Elevations  above  mean  tide  at  New  York,  notable .  397 

Est  i  mates .  68, 446, 488, 472, 550. 561 

Excavation  .  04 

Ferries  . 66 

Fieldwork . 491 

Fulton  to  Peter  Scott’s  swamp  line .  .  464 

High-level  project .  62 

Highways  and  railways .  461 

Hydrography,  areas  of .  512 

Ice  season  . 245 

Level  work.  .  ..  ... .  392,502 

Line  through  Peter  Scott's  swamp .  465 

Lines  surveyed .  511 

LockB .  66,458.466.471,547 

Low  level  project .  .  63,94,468 

Material . 962,964 

Mapping  .  496 

Methods  of  work .  500 

Minetto  to  Oswego  line .  462 

Niskayuna- Albany  line  . 585 

Office  work  . 510,511 


Party  organization . 500 

Physical  characteristics .  00 

Prism .  546,549 
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Oswego- Mohawk  route— Continued.  Page. 

Profile,  general  (plates  62,  63). 

Railroad  changes . . . . _ . . . .  65 

Rainfall _ . .. _ ..  _ _ _ _  482 

Right  of  way. . . .  . . . .  . . .  468 

Sand  ridge,  crossing  line . . .  . .  465 

Schenectady-Cedar  Kill  line  ...... . . . . . .  536 

Schenectady-Normans  Kill  line . . . . . .  537, 543 

Sodus  line . . .  . . . .  466 

Soundings.. . . . . . . .  . . .  507 

Stadia  work _ _  _ _ _ _ _ _ _ _ _  503 

Comparison  of,  with  baseline  work . . . .  505 
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Time . . . . . . . . . .  244 
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Twenty-one  foot  channel  .  ...  . . . .  548 

Water  supply  (plate 93) . . . . . . .  66,479,571 

Western  division,  report  on,  A.  J.  Himes,  Appendix  No.  13  (plates 
18-24,62) _ _ _ _ _ _ _ _  443 
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Benchmarks . . . . . . . 

Catchment  area . . . . . . . . 

Discharge  curve  and  dam  section,  Fulton  (plate  108). 

Flood  flow . . . .  . . . . 

Oswego  River  basin: 

Land  and  water  surface  evaporation . . . . 

Pondage  areas  . . . . . . 

Oswego  route,  proper.. . . . . 

Aqueducts,  bridges,  and  ferries  . . . . 

Canal  location . . . . . 
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Comparison  of  waterways,  conditions  of . 
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Field  notes  and  mapping  . . . . 
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Railroads . . . . . . . 
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Current  observations . . . . . 
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Board’s  investigations . . . 

Studies  for  lock  gates . . . 
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Overflow,  relation  of  submerged  flow  to  free  weir.. . . . . 
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Palfrey,  Captain .  34 

Pay  for  leveling.  Lellemand's  method  of  determining  .  1008 

Payment  of  Board's  vouchers .  .  1045 

Payments,  methods  of  making  Board's  .  1044 

Parabolic  curves,  weights  of  lock  gates .  199 

Parties.  (See  Field;  Instructions  to. ) 

Party  organ  zation: 

Champlain  route  .  . . .  308 

Oswego- Mohawk  route  . 500 

Party  reports,  field  . 338 

Party  work,  methods  of  field  . .  .  334 

Passenger  service  (.*«<  Freight  and'. 

Percolation,  loss  of  water  doe  to  .  823 

Percolation  and  evaporation  losses,  Black  River  feeder  line .  908 

Periodicals  referring  to  lock  gates  .  204 

Period  of  open  navigation  245 

Permanency  of  Black  River  run-ofT  .  H34 

Peter  Scott’s  swamp,  Fulton  to  .  404 

Peter  Scott's  swamp,  lines  passing,  comparative  cost  of  . .  405 

Photographs: 

Bearer  River  854 

Brownville  Paper  Comjiany's  mill .  854 

<  ’arthage  dam  . .  854 

Huntington  dam,  Watertown  .  854 

Lewis  dam.  Beaver  Falls  .  854 

Quartzite  outcrop,  Champlain . . . . .  438 

Holton  Station.  New  York . .  438 

Rexford  Flats  dam  090 

Water-power  development,  Lyons  Falls . 854 

Physical  characteristics  (are  Routes;  Divisions): 

Niagara  ship  canal .  51 

Oswego  route  proper .  80,519 

St.  Lawrence-Champlain  route .  70 

Schenectady- N nrmans  Kill  line .  .  539 

Piers  and  weirs  for  Lake  Erie  regulation  . .  .  .  293 

Piezometric  observations,  Cornell  experiments .  672,  676 

Pin,  design  of  turning  post .  994 

Pivot  of  lock  gate .  195 

Pivots  and  hinges  of  lock  gates  .  ...  .  153 

Plane  surface  and  bearing  surface  of  miter  posts,  contact  of  (tig.  >  . .  _ _  157 

Plan: 

Board's  rej»ort .  27 

Breakwaters,  <  llcott  and  <  Jswego  ( fig.  i . . .  .  208, 215, 216 

P«»e  lock  gate,  showing  method  of  measuring  defections  (  fig.) .  .  192 

Plans  for  regulation  of  Lake  Erie .  .  .  282 

Plans  projK>sed  for  carrying  canal  across  Chateangay  River  .  434 

Plates.  (See  list  of  Contents.) 

Plotting: 

Field  notes . 337 

Tidal  Hudson  notes . *  567 

Plunging  lock  gate .  150 

Poe  lock  gate,  method  of  measuring  deflections  (fig. ) .  .  192 

Poe  lock  gate  measurements,  report  on,  H.  Goldmark  ..  .  191 
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Paga 

Poe  lock  gates: 

Deflections . . . . .  175 

Measurements . . . . .  . . . .  191 

Wood  in,  elasticity  of. . . . _  . .  _ . .  193 

Poe  lock  miter  posts: 

Modulus  of  elasticity  . . . . . . .  193 

Ti mber  compression _ _ _ _ _ _  _ _ _ _ _  159 

Points  affecting  lift  of  locks . . . . .  142 

Point,  turning,  precise  leveling  . . . . . . .  994 

Pol ygon,  equilibrium,  lock  gates . . . . . . .  170 

Pondage  areas,  Oswego  River  Basin _ _ ...  .  . .  794 

Pools  between  Tonawanda-Olcott  locks,  surface  regulation..  . . .  259 

Post.  (See  Mite Quoin.) 

Power  for  operating  locks,  Tonawanda-Olcott  route.. . .  359 

Power  to  overcome  friction  in  lock  gates  . . . . . .  155 

Precipitation : 

Black  River  catchment  area . . . . . . .  779 

Genesee  River ...  _ _ _ _ _ _ _ _ _ _  782 

Hudson  -River _ _ _ _ _ _  782 

Catchment  area. . .  . . . . . .  . . . .  780 

Lakes  Huron-Michigan  basin . . .  . . . .  275 

New  York _ _ _ _  699-773,815 

Relation  of  run-off  to . . . . . .  777 

Northern  plateau,  New  York,  Black  River  run-off  compared  with  _  776 

Oneida  and  Mohawk  watersheds  . .  . . . .  480,484 

Precise  leveling  (.sec  Detroit;  St.  Lawrence): 

Precise  level  rod,  self-reading,  D.  Molitor  _  . . . .  994 

Precise  levels  ( see  Detroit  River;  St.  Lawrence  River): 

Detroit  and  St.  Cla'.r  River,  report,  O.  W.  Ferguson,  Appendix  No.  21 .  _  1009 

Hogansburg  to  Cape  Vincent,  D.  Molitor  . .  _  . .  _  397 

St.  Lawrence  River  and  Lake  St.  Clair,  report,  D.  Molitor,  Appendix 
No.  20 . . . . . . . . . . . .  991 


President  of  the  board,  approval  of  accounts  by. . . . .  328 

Pressure,  quoins. . . . . . . . .  156 

Pressure  of  meeting  faces  of  miter-posts,  study  of  center  of - - -  156, 157 

Pressure  on  lock  gates,  diagram . . . . .  .  169 

Prices,  unit . . . . . . . . .  47 

Prices  used  in  estimates,  special  water-supply  investigation... _ .... -  946 

Principal  causes  of  speed  reduction,  restricted  waterways  . . .  219 

Prisms  (see  Canal): 

Dimensions . . . . . . . . . . .  43 

Oswego-Mohawk  route  . .  . . .  546, 549 

Probability  of  floods,  central  New  YTork . . .  . . .  814 

Probable — 

Annual  traffic  of  waterways  - - - - - -  140 

Benefits  from  establishment  of  deep  waterways  to  the  ocean .  -  266 

Character  of  deep- waterways  freight . . ...  -  253 

Cost  of  diamond-drill  borings  by  contract. . . .  990 

Problem  of  relative  advantages,  assumptions  of  special .  _ _ _  250 

Profile  ( see  Routes;  Divisions;  Plates  in  contents),  water  surface  Richelieu 

River  (fig.). . . .  . . . . . .  322 

Profiles: 

Bazin's  experiments  on  irregular  weirs. . . .  610 

Diamond-drill  borings . . . . .  958-973 
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Tata 

Projection  of  frame*  of  a  mitering  lock  gate,  isometric  . .  170 

Protects: 

Black  River  water  power  and  manufacturing . .  828 

New  York  canal  . .  .  00 

Oswego- Mohawk  route  . ..  . . .  02,00 

Projierties  using  Black  River  water  power,  value  of .  843 

Property— 

Acc  mutability  of  Board  governed  liv  United  States  Army  Regulations  000 

Damages,  Black  River  reservoir  .  .  843,8.56,804 

Proi>osed  — 

Bridges.  ( St  e  Bridge*. ) 

Location  of  Lake  Krie  regulating  works  .  .  290 

Ship  canals  ...  .  00 

Provisions  for  buoyancy  of  look  gates .  153 

Purchases  by  the  board  . .  1045 

(Quadrant  look  gate  . .  150 

( juartzite  outcrop,  Champlain  and  Holton  Station.  New  York,  photographs  138 

Quirk  and  Shanlv  .  .  .  101 

Quoin,  fractional  resistance  in  lock  . .  155 

Quoin  post,  adopted  design  of  <**v  Lock  gates) .  154 

Quoin  posts: 

Bearing  pieces  in,  steel .  154, 160 

Design  of . . .  ...  154 

Material  of .  154 

Surfaces . . . ...... . . . .  154 

Quoin  pressure .  .  ..  155 

Quoins,  metal .  155 

Rafter.  G.  W. ,  report,  special  water-supply  investigation.  Appendix  No.  1*5  67,571 
Railroads: 

Champlain  route .  136 

Oswego- Mohawk  route .  65 

Oswego  route,  proper . 166,513 

Schenectady-Normans  Kill  route . 538 

Railways: 

Advantages  of  the  waterway  over  the . .  ...  ..  268 

Rates,  influence  of  waterways  on .  127,272 

Railways  and  waterways  compared . . . 266 

Rainfall: 

Genesee  River . 782 

•  ;r.  at  Lakes  . 374,877 

Hudson  River . 782 

Luke  basins  . 276 

Lake  Champlain . . 326 

Lake  Huron  . 275 

Luke  Michigan . 275 

New  York  (plate  98)  (*#»■  Precipitation). 

Oswego-Mohawk  route .  482 

Randon-stone — 

Breakwaters . . . 210 

Method  of  constructing  breakwaters .  212 

Randon-stone  and  crib  breakwaters,  comparative  cost  of .  . .  .  211 

Rapidity  of  work,  precise  leveling . . . .  .  .  . .  1006 

Rate  of  progress,  precise  leveling  ...  . .  1012 
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Page. 

Rates,  waterway  influence  on  railway . . . . 127,  STS 

Rating  current  meters..- . . .  302,303,304 

Summary .  . . . . .  304, 305 

Ratio  between  length  and  draft  of  ships  . . . . .  132 

Raymond,  Lieut.  Col.  C.  W.,  reports  on — 

Breakwaters,  Appendix  No.  3 . . .  .  .  208 

Relative  advantages  of  the  waterways,  Appendix  No.  5,  part  2 . .  247 

Readings  (see  Gauge;  Rod),  piezometric;  Cornell  weir  experiments.  .....  (372 

Reading  with  eccentric  bubble  to  central  bubble,  table  to  correct  any  rod  1014 

Recapitulation  of  instrument  factors,  precise  leveling _ _ _ _  1314 

Receipts  and  vouchers  of  the  board . .  . . . .  332, 1046 

Receiving  weirs,  Champlain  route . .  . .  432 

Recommendations  of  Deep  Waterways  Commission  of  1806 . .  26 

Reconnoissance . . . . . . . .  334 

Niagara  ship  canal . . . . . . .  .  . .  241 

Special  water-supply  investigation . . .  572 

Recording  device,  current  meters  and . . . . .  301 

Records,  precipitation _ _ _ /. . . . .  692-773 

Reduction,  finishing  field  sheets  and  . . . . .  337 

Reduction  curves,  Cornell  weir  experiments  (plate  136). 

Reduction  of — 

Cornell  weir  experiments . . . .  .  672 

Current-meter  observations,  coefficients  for . . .  . ._  312 

Discharge  measurements  . . .  317 

Field  notes  and  map  work,  Oswego  x*oute  proper. . . . .  512 

Meter  observations . . . . . .  311 

Notes  . . . . . . . . . . .  337 

Ships' speed  at  meeting  points . . . . . . .  228 

Ships'  speed  from  curves . . . . . . .  231,232 

Speed  in  restricted  waterways,  principal  causes  of. .  219 

Reeders  Mills,  Oriskany  Creek,  discharge  curve  and  dam  section  (plate  117). 

Reel  for  current  observations. . . . . . .  301 

References  to  authorities  on  lock  gates . . . . .  200 

Regularity  of  waterways  service _  _ ^ . . .  127, 272 

Regulating  works.  (See  Lake  Champlain,  Lake  Erie.) 

Regulation  (see  Regulating  works),  lake  levels. . . . . . .  42 

Regulation  governing  Board's  money  and  property  accountability  .  .  333 

Reimbursement  vouchers  used  by  Board. . .  . .  1044 

Relation  of — 

Hudson  River  to  meteorology  and  tides  at  Albany,  diagram  of  (plate  100). 

Run-off  to  precipitation . . . . . . .  ...  777 

Submerged  weir  flow  to  free  overfall  flow . . .  812 

Relative  advantages: 

Adaptability  to  traffic  conditions . .  126, 272 

Assumptions  of  special  problem  of . . . . .  250 

Character  of  transportation  lines . . . . .  120, 266 

Comparison  of  the  waterways . 260 

Construction . . .  ...  .  125,271 

Data  for  comparison .  254 

Direct.. . . . . . . .  115,247 

Indirect.. . . . . . .  .  115,262 

Lake  traffic  . . 117,262 

Maintenance . . 126,271 
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Re  ative  advantages— Continued.  Page. 

Ojieration . 126,271 

Railway  rates  .. .  127.272 

Kegnlarity  of  service  . .  . . .  127,272 

Report,  Lieut.  Colonel  Raymond,  Appendix  No.  5  (part  2) .  217 

Shipbuilding,  effect  on  .  127,272 

Speed  ..  .  .  . i2t;.272 

Stu.'.y  of,  conclusions  .  128,273 

Traffic  capacity  .  196, 278 

TransjHirt  proper  .  126,272 

Type  carriei  e  ...  198, 969 

Relative  values.  Tonawanda-Olcott  and  Lasalle-Lewiston  routes  ..  _  59 

Rej>orts: 

Board's,  plan  of . .  ..  .  .  .  27 

Breakwaters,  Lieut.  Colonel  Raymond,  Appendix  No.  3  208 

Champlain  route,  northern  division,  F.  I*.  Davis,  Ap;  endix  No.  12 .  425 

Champlain  route,  St.  Lawrence  division,  .1.  W.  Beardsley,  Appendix 
No.  1 !  ...830 

Character  of  materials,  introduction  to,  (1.  Y.  Wisner,  Appendix  No.  18.  957 

Comparison  of  waterways,  G.  Y.  Wisner,  Appendix  No.  .I  (part  1)  .  235 

Diamond-drill  Inirings,  R.  C.  Smith.  Appendix  No.  10  .  ...  974 

Lake  Champlain,  regulation  of,  (4.  Y.  Wisner,  Appendix  No.  8  _ _  321 

Lake  channels,  A.  J.  Swift,  Appendix  No.  17.. .  ...  .  . .  951 

Lake  Erie,  regulation  of,  G.  Y.  Wisner,  Appendix  No.  6 .  273 

Locks,  A.  Noble,  Apjiendix  No.  1 _  ..  .  129 

Lock  gates,  S.  H.  Woodard,  Appendix  No.  2 .  .  .  _  148 

Niagara  River  discharge,  C.  B.  Stewart,  Ap|»endix  No.  7  .  298 

Niagara  route;  Champlain  route  (Hudson  River  division  Hood  meas¬ 
urements  of  Mohawk  River;  levels  from  Hudson  River  to  Lake  On¬ 
tario;  C.  L.  Harrison,  Appendix  No.  10 .  . .  3718 

<  iswego- Mohawk  route, eastern  division.  I).  ,T.  Howell,  Appendix  No.  14.  500 

<  Iswego-  Mohawk  route,  western  division.  A.  .1.  Himes,  Apj  endix  No.  13.  443 

Precise  levels  along  Detroit  and  St.  Clair  rivers,  O.  W.  Ferguson,  Ap¬ 
pendix  No.  21  . .  1"  1  » 

Precise  levels  along  St.  Lawrence  River  and  Lake  St.  Clair.  David  Moli- 

tor,  Appendix  No.  20  . .  ..  .  991 

Poe  lock-gate  measurements,  H.  Goldmark,  assistant  engineer  191 

Relative  advantages,  Lieut.  Col.  C.  W.  Raymond,  Appendix  No.  5 

i  part  2) .  ...  .  94? 

Secretary  of  the  l>oard,  Apj>endix  No.  271 .  .  1043 

Special  water-supply  investigation,  G.  W.  Rafter,  C.  E.,  Appendix  No.  16  571 

Sjieed  of  ships.  A.  Noble,  Apj>endix  No.  4  .  .  216 

Tidal  Huds  in,  H.  F.  Dose,  Appendix  No.  15 .  562 

Reports,  field  parties . . . .  . . . .  338 

Reservoirs: 

Black  River .  .  573.864,868,869,870,895 

Black  River  and  Salmon  River.  .  912 

Mohawk-Sus  iiiehanna  divide  ....  . . . . . .  825 

Mount  Hope,  Rochester,  N.  Y . . .  586 

New  York  .  . .  ..  894, 895 

Sal.;,, m  River  .  .  ....  878, 877,878,915 

Resistance,  retardation  of  ship  speed  from  end . .  222 

Resistance  in  lock  quoin,  frictional . .  .  155 

Resistance  to  ship's  motion,  Weishach’s  formula. . .  222 

Responsibility  for  property  of  the  Board  . . .  333 
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Restricted  waterways:  rage. 

Movements  of  large  ships  in  .  . . . . . . .  218 

Speed  of  ships  in  (fig. ) . . . .  219,231 

Steering,  difficulty  of  . _ . .  225 

Results: 

Comparison  of  canal  routes  surveyed . . . .  116 

Cornell  weir  experiments  . . . . . . .  678 

Diamond-drill  borings  .  . . . .  .  . .  958-973 

Levels  run  from  Greenbush  to  Lake  Ontario. . . . . . . .  392 

Meter  ratings . . .  . .  301 

Os wego-Mohawk route..  . 500 

Stadia  work.  Hudson  River  division. . . .  372 

Resume  of  Bazin's  experiments . . .  653, 654, 656, 657 

Retaining  walls,  Lasalle-Lewiston  route. . 347 

Retardation  of  ship  speed: 

Back  flow .  . . .  . .  221 

End  resistance . . . . . . . .  222 

Shoal  water  . 220 

Return  for  standard  waterway,  constants  of . . .  257 

Rexford  Flats: 

Dam  ( photograph ) . . . . . .  .  _  _ .  690 

Discharge  curve  and  dam  section  (plate  125). 

Flood  flow,  Mohawk  River . .  _  803 

Rhodes,  C.. . 793 

Richelieu  River: 

Discharge,  profile  of  water  (fig.) . _ .  . . . .  322 

Fall. . 322 

Gauging . 431 

Slopes . • .  322 

Ridge  Mills,  N.  Y.,  Upper  Mohawk  discharge  curve  and  dam  section 
(plate  114). 

Right  of  way: 

Champlain  route . . 388 

Oswego-Mohawk  route  .  468 

Rings,  inequality  of  telescope . . . *. .  1013 

Ripley,  Joseph . ... . . . . . . .  128 

Rise  and  stage  of  Lake  Ontario . 278 

Rise  and  supply  to  Lake  Erie,  annual . . . .  287 

Rise  of  sill  for  lock  gates . . . . . . .  .  . .  ...  152 

River.  (See  Black;  Chateaugay;  Chazy;  Detroit:  English:  Hudson;  Moose; 
Richelieu:  St.Clair;  St.  Lawrence;  St.  Marys.) 

Rochester  waterworks  evaporation  observations .  .  . .  480, 586 

Rock,  Champlain  route .  437 

Rod  (see  Detroit;  St.  Lawrence) , improved  level  (fig.)  . .  502 

Rod  readings,  correction  of ,  precise  leveling .  _ . .  .  ..  1014 

Rod  readings  with  eccentric  bubble  to  central  bubble;  table  to  correct  any.  1014 

Rods,  precise  leveling . . . . .  .  1013 

Rods,  standard  length  of  1  meter  on... . . . . .  1014 

Rohnert,  B . 191 

Rollers  for  lock  gates . . . .  .  152 

Rome,  location  of  line  near .  . . . .  452 

Route  (see  Waterways;  Canals;  Channels): 

Champlain  . . . . .  368, 398, 425 

Lasalle-Lewiston . 53,339,343 

Niagara . 50,338 
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Route— Continued.  Pa«o. 

Oswego-Mohawk .  60,443,500 

St.  Lawrence-Champlain . .  70,308,308,405 

Tonawanda-Olcott .  . . .  50, 339, 355 

Routt*  for  ships  of  war.  deep  waterways  .  127,273 

Routes  and  methods,  diamond-drill  liorings  . .  958.973 

Routes  compared,  deep  waterways  . . . . . . 110,245 

Root,  E.,  Secretary  of  War  . . . . .  128 

RuMdge.T.8  196,809.420 

Rules  for  regulation  of  Lake  Erie.  . .  288 

Run-off: 

Black  River  ■  plates  101, 103.  104. 105). 

Black  River,  permanency  of  . 834 

Blai  k  Riser  feeder  tributaries  .  . . .  .  584,585 

Black  River  and  Hudson  River  plate  102). 

( lenesee  Hi ver  . . .  583, 585, 782 

Hudson  River . 782 

Hudson  River  at  Meclianicville .  584,585 

La  e  Huron  . 2T5 

Lake  Michigan . 275 

New  York,  relation  of.  to  precipitation . . .  777 

New  York,  northern  plateau:  compared  with  precipitation.  .  770 

New  York  streams . . . . .  579. 580, 599 

Nine-Mile  Creek .  586 

Oriskany  Creek .  580 

Oswego-Mohawk  route .  482 

Six- Mile  Creek,  Beaver  Brook.  Canada  Creek.  Wood  Creek.  Saqno'.t.  and 

Oriskany  creeks . . .  ,  ..  ...  580 

Upper  Mohawk  and  Nine-Mile  Creek  .  .  586 

Run  off  lietween  (lenesee  and  Hudson  rivers,  data,  mean  .  585 

Run  off  diagram,  Hudson  and  Genesee  rivers  (plate  139). 

Run-offs.  Black  and  Hudson  rivers,  comparative .  777 

Russell.  J.  K.„ ....  . . .  ...  8 1 

Sailing  time: 

Champlain  route . 103 

Chicago  to  Buffalo . 92 

Duluth  to  Buffalo .  89 

Lasalle- Lewiston  route  . 92 

Oswego-Mohawk  route .  94 

St.  Clair.  (.See  Lake.) 

St.  I  'lair  Flats  1 

St.  Clair  Flats  Canal : 

<  'ross  section 

Fall  of  water  surface . . . .  ... 

Ship  speed  iu  .  . . . . . 

st.  ( 'lair  River  plates 6-18).  .  ... 

Bench  marks . 


239 

280 

226 

37 

10314 


Depth,  cross  section . 280 

Discharge  . .  274,277 

Elevation  ...  . 952 

(iorge . 27 

Improvement  estimate .  953 

Precise  levels,  report  on,  O.  W.  Ferguson,  Appendix  No.  21 .  1009 

Slopes . 42 
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St.  Clair  River — Continued.  rage. 

W ater  surface,  fall  of. . . . .  280 

Profile  of  (plate  88). 

St.  Clair  and  Detroit  rivers,  profiles  of  water  surface  (plate  82). 

St.  Francis.  (See  Lake. ) 

St.  John’s  miter  sill  elevation . . . . . . .  429 

St.  Lawrence-Champlain  route.  ( See  Champlain  route.) 

Hudson  River  division.  . .  .  77,368 

Northern  division . . _ . . ._  74,425 

St.  Lawrence  division  . . . .  70, 398 

Surveys  of . . . .  42, 427 

St.  Lawrence  division  (plates  34-43) . .  . . . . . .  70 

Classification  of  channel . ._  . . .  ..  __  424 

Elevations  . . . . . . . . .  404 

Estimates  of  cost . . . .  73, 405,  407 

Fieldwork . 398 

Gauges . . . .  . . .  ...  398,400-404 

Ice  jams . . . . . .  401,404 

Locks.. . 404,423 

Materials . . . .  73, 405, 967 

Profile,  general  (plate  64). 

Report.  J.  W.  Beardsley,  Appendix  No.  11.. . . . . .  398 

Stages .  . . 1 . . .  . .  399 

Summary  of  quantities  and  cost .  .  420 

Topography . 405 

St.  Lawrence  River  ( see  St.  Lawrence  division): 

Bench  marks. . . . . . . .  1 029 

Canal  system . . 35 

Discharge  . 42 

Gauges,  Canadian . 400 

Lake  Erie  regulation,  effect  of . . . . . . .  49, 277 

Lake  Ontario  compared  with  stages  of . . . .  400 

Slopes  .  42,1008 

Stages,  high  and  low  . . . . .  399 

St.  Lawrence  River  and  Lake  Champlain,  country  between  .  426 

St.  Lawrence  River  and  Lake  St.  Clair,  precise  leveling: 

Benchmarks. . . . 995 

Closures  for  all  accepted  work . .  . .  1006 

Cost  of . 1007 

Description . 992 

Error,  sources  of . . . .  ..  995 

Instrument  constants . . 999 

Instruments  . 992 

Methods . 1000 

Notebooks,  index  page  for.  . . . . .  1004 

Note-keeping,  system  of . 1002 

Report,  David  Molitor,  Appendix  No.  20 . 991 

W ork,  rapidity  of  . . 1006 

statistics  of . 1005 

St.  Lawrence  River  at  Canadian  locks,  gauge  readings .  401 

St.  Marys  Falls  canal: 

Canadian  locks . . 129 

Delays . . 141 

Estimates,  lock .  . 955 

Lockage . . . . 129,  136 
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St.  Marys  Falls  canal— Continued.  Page. 

Weitzel  lock  188 

West-bound  ami  east-bound  freight  . . . ..  134 

St.  Marys  Falls  canal  and  St.  Marys  River  (plates  ’2-5). 

St.  Marys  River  (see  Sault  Ste.  Marie.  Mich.)  .  38,  85 

Fall'....  88 

Improvement  estimates .  953 

Ship  speed  in  227 

Surface  elevations  . 952 

Width  and  depth  of  channels  . 953 

St.  Marys  River  and  St.  Marys  Falls  canal  (plates  2-5). 

St.  Reg.s,  Canada,  to  Hogansburg,  N.  Y..  l>ench  marks  . .  1029 

St.  Stanislas,  Canada,  to  Hogansburg.  N.  Y..  bench  marks .  1028 

Salaries  1049 

Salmon  River: 

Discharge  curve  and  dam  section,  Orwell  (plate  113). 

Plot  id  t'ow  ......  798 

Reservoir  .  ...  .  873,  877, 878, 915 

Sa'mon  and  Black  River  reservoirs,  estimated  cost  of  construction .  912 

Sand: 

Champlain  route . . . . .  438 

Excavation  . . . .  958 

Sand  Ridge  crossing  line,  < )swego-Mohawk  route  ...  .  485 

Sault  Ste.  Marie.  Mich.  (see  Lock  gates;  St.  Marys  River:  St.  Marys  Falls 
canal  i : 

Looks  908 

Thirty-foot  channel,  lock  and  approaches  at .  . .  . .  955, 956 

Tonnage  passing .  39 

Sam  i  unit  Creek,  New  York  mills,  discharge  curve  and  dam  section  (plate  118). 

Sauijuott  Creek  run-off .  586 

Schenectady-Cedar  Kill  line,  Oswego- Mohawk  route .  536 

Schenectady-Normans  Kill  line,  Oswego- Mohawk  route . .  537 

Artificial  features .  538 

Canal  location  . . 543 

Crossings,  highway . . . . . . . . . .  539 

Dams . . . . . .  5;  18 

Excavation . .  ..  539 

Field  work  .  . . .  887 

Highwater  marks _ 542 

Material  089 

Office  work . . . . . . . . . . . . .  538 

Railroads  .  ...  . .  888 

Watercourses  .  542 

Schoharie  Creek,  discharge  curve  and  dam  section.  Fort  Hunter  (plate  124). 
Schoharie  Creek  dam,  New  York,  method  of  computing  discharge  for  645 

Schott,  c.  A  998 

Sears,  Maj.  C.  B .  255 

Second  group,  Bazin’s  weir  exjieriments .  618,648 

Section.  (.SVe  Cross;  Discharge.) 

Section  of  lower  gate  for  80-foot  lock  (fig.) . .  186 

Sections,  canal  prisms  for  21-foot  and  3»i-foot  waterways  (figs.) .  43 

Secretary  of  the  Board: 

Appointment  of  . . 26,1043 

As  disbursing  c  >fticer _ _ 328 

Bond . .  1043 
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Secretary  of  the  Board — Continued.  Page. 

Report  of,  Appendix  No.  23 _ _  .  . . . . .  1043 

Services  of,  acknowledgment  of, . .  . . . .  128 

Secretary  of  War,  instructions  for  guidance  of  the  Board . . .  328 

Selection  of  discharge  observation  limits,  Niagara  River .  320 

Selection  of  employees . . . . . . .  . . .  1045 

Self-reading  precise  level  rod  designed  by  D,  Molitor .  884 

Seneca  River: 

Discharge  curve  and  dam  section  (plate  107). 

Flood  flow .  . . . . .  .  793 

Service  of  waterways,  regularity  of... . . . . .  127,272 

Service  act,  Civil  . . . . . .  1045 

Services,  acknowledgment  of  special  (see  Employees) . . . . . .  128 

Seventy-foot  lock,  diagram  of  girder  weights  of  gates  (plate  77). 

Seventy- foot  lock  gates,  table  of  girder  weights  (plate  76). 

Shakers.  (See  Niskayuna- Albany. ) 

Shale  excavations  . . . 1 . . . .  958 

Shanly  &  Quirk .  . . . . .  431 

Sharp-crested  weirs. . .  660 

Bazin's  experiments  . . . . .  650 

Formula  for . . . . . . . .  608 

Sheathing  of  lock  gates . . . . . .  153, 173, 194 

Sheets,  field  . . .  . . . . . . . .  337 

Shenehon.  F.  C . .  . . . . . ...  299 

Ship,  largest  on  the  Great  Lakes  . . . . .  ..  133 

Shipbuilding,  Great  Lakes  . .  . . .  127,133,273 

Ship  canal  (see  Canals),  dimensions  for  minimum  transportation  rate  .  239 

Ship  canals,  proposed . . . . . .  33 

Ships  (see  Large;  Ocean;  Size  of): 

Capacity  of  lock  system  required  for _ _ _  _ _ _ _ _ _ _ _  134 

Re’ation  of  economy  to  ratio  between  length  and  draft  of  . .  132 

Ship's  motion,  resistance  to . . . . . .  222 

Ship  speed.  (See  Speed  of  ships. ) 

Ship  speed  and  dimensions  of  waterways . .  . .  217 

Ships  considered  in  report  on  ship  speeds,  type  of . . . .  218,231,232 

Ships  in  restricted  waterways,  speed  of  (fig. )  . . . . . .  231 

Ships  of  war;  deep  waterways  a  loute  for  . . .  .  127,273 

Ships  that  will  require  lockage,  size  of . . . .  132 

Shoal.  Grosse  Point . . . .  37 

Shoals: 

Foot  of  Lake  Huron .  37 

Lake  Michigan . . . . . .  37 

Shoal  water,  ship  speed  retarded  by . .  220 

Sill  contact  of  lock  gates . . . .  196 

Sill  for  lock  gates . . .  152 

Single-leaf  lock  gate . . . . .  150 

Singl  e  lockage .  ad  vantages  of. . 1 . . . . . .  131 

Siphons,  Champlain  route  . .  .  . . . . .  436 

Site,  Champlain  regulating  works  (plate  91). 

Six-Mile  Creek  run-off . . . i . . .  586 

Sixty- foot  lock: 

Diagram  of  girder  weights  of  gates  (plate  77). 

Lower  gate  (plate  71). 

Table  of  girder  weights  (plate  75). 

Upper  gate  (plate  70). 
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Size  of  ships  for  freight,  Hn«l  for  freight  and  passenger  service,  compared..  181 

Slate  excavation . .  958 

Sliding  lock  gate  . ***9 

Slope  observations: 

Lake  St.  Clair  .  . . — . .  1099 

St.  Lawreni  e  River  . 1008 

Slojies  (sir  Elevations:  Fall): 

Detroit  River  .  . - . - . - .  42 

Lake  channels .  051 

Lake  Hnron  to  Lake  Erie .  .  ‘>-’<9 

Lake  St.  Clair  .  1009 

Lasalle- Lewiston  route .  847 

Richelieu  River . 822 

St,  Clair  River  . . 42 

St.  Lawrence  River .  42 

Slopes  of  channels,  limited  speed  to  avoid  injury  of .  228 

Slope  walls,  Lasalle- Lewiston  route. .  847 

Sluice  gates.  Lake  Erie  regulating  works: 

Counterweights  (plate  8(1). 
dear,  hoisting  (plate  87). 

Stoney  type  of .  . . . . — - - - - —  298 

Sluices: 

Champlain  route .  486 

Lake  Champlain  regulating  works .  827 

Sluices  and  dams  of  deep  waterways .  45 

Smith, <  ■  i l  H  ....  .  4.ti 

Smith.  R.  C..  report,  diamond-drill  borings.  Appendix  No.  19 .  974 

Sod  us  line.  <  )swego- Mohawk  route .  466 

Soundings: 

Lake  channels  . . . . . . . . . .  951 

Oswego-Mohawk  route .  507 

Tidal  Hudson  .  MS 

Soundings  and  borings  in  lake  channels,  authorities  for .  951 

Source  of — 

Error,  precise  leveling,  atmospheric  effects  ...  .  998 

Materials,  New  York  summit  level  water  supply  feeders .  944 

Sources  of — 

Error,  precise  leveling . 995 

Water  supply,  Oswego-Mohawk  route .  571 

Special — 

Acknowledgments  i  *<■#  Employees ) . 128 

Investigations  by  members  of  the  board . . 40. 47 

Mention  of  James  Brace  .  128 

Monographs  on  lock  gates . . . . .  203 

Problem  of  relative  advantages,  assumptions  of .  250 

Special  water  supply  investigation  rejiort,  (4.  W.  Rafter.  C.  E.,  Appendix 

No.  16  (see  Water  supply  investigation) .  571 

Species  of  nappes,  classification  of  different .  .  658 

Speed  of  ship*  .  43. 126.216. 227 

Amsterdam  Canal . 224 

Back  flow,  reduction  by  .  ..... . .  . . . . . .  221 

Curves  reducing _ _ 282 

Kiel  ('anal  .  224 

Limit  of,  to  avoid  injury  to  channel  Blopes . .  -  223 
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Speed  of  ships — Continued. 

Manchester  Canal . . _ . _ . . .  224 

Meeting  points,  reduction  at . . . . . .  228 

Reduced  by  difficulty  of  steering  in  restricted  waterway. .  _  — . .  —  . _  225 

Reduction  of  speed  in,  principal  causes . _. . . . . .  219 

Report  on,  A.  Noble  (Appendix  No.  4) . . . . . .  216 

Retardation . . . . . . . .  220-221 

St.  Clair  Flats  Canal _ _ _ _ _  226 

St.  Marys  River _ _ _ _ _ _ _ _ _ _ _ _  227 

Selected  ships,  in  30-foot  and  21-foot  waterways _ _ __  231,232 

Shoal  water,  reduction  by _ _ _ _ _ _ . .  220 

Slopes  of  channel,  avoidance  of  injury  to... . . . . .  223 

Study  of  summary,  value  of  results  of . . . . .  233, 234 

Suez  Canal - - - - - - - -  223 

Type  of  ship  considered  in  study  of.. . . . . . .  218 

Waterway  dimensions  .  _ _ _ _  217 

Stability  of  the  channel,  Hudson  River  division  . . . . .  80, 385 

Stadia  and  base  line  work,  Oswego-Mohawk  route,  eastern  division,  compari¬ 
son  of  _ _  _ _ _ _ _ _ _ _  505 

Stadia  work: 

Hudson  River  division  _ _ _ _ _  372 

Methods  of . . . . . .  336 

Oswego-Mohawk  route  . . . . . . . . . .  503 

Stage  of  Lake  Erie,  minimum . . . . .  289 

Stage  and  rise,  Lake  Ontario . . . . . . .  278 

Stages  of — 

Lake  Erie,  slope  of  Niagara  River  for  different . .  290 

Lake  Ontario,  compared  with  stages  of  St.  Lawrence  River _  400 

Standard  for  lock  gates,  mitering  lock  gate  the ...  . . . . .  151 

Standard — 

Length  of  1  meter  on  rods . . . . .  1014 

Sections  of  canal  prisms  for  21-foot  and  30-foot  waterways  (figs)..  43, 217, 441 

State  dam  at  Troy  __  . . . . .  563, 569 

State  of  Black  River  reservoir,  New  York . . .  869, 870 

State  reservoirs,  New  York _ _ _ _  824,825 

Stations,  New  York  gauging . . . . . . . . .  587,591 

Statistics  of — 

City  of  Watertown,  economic. . . . . . .  839 

Watertown  and  Lockport  compared,  economic . . .  ..  840 

Work,  precise  leveling,  St.  Lawrence  and  Lake  St.  Clair  . .  1005 

Steamship.  (See  Ships. ) 

Stearns  and  Fteley _ _ _ _ _ _ _  589,606,674,675,812 

Steckel,  R... . .  . . . . . . . . . . .  429 

Steel  bearing  pieces  in  quoin  and  miter  posts  _ _ _ _  163 

Steel  lock-gate  deflections,  analysis,  H.  Goldmark _ _ _ _  194 

Steel  lock  gates _ . . . . . . . . . .  146, 152 

Large,  behavior  of . . . . . . . . . .  191 

Wood  and.  . . . . . . . .  151 

Steel  lock  gates  probably  better  than  wooden  gates . .  152 

Steel  Poe  lock  gates: 

Deflections . . . . . . . . . .  175 

Measurements . . . .  . . . : . .  191 

Steering  of  ships,  restricted  waterways . . . .  225 
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Stewart.  ( 1>.  report.  Niagara  Iiiver  discharge,  Appendix  No.  7 .  298 

Stiffness  of  lock  gates . .  174 

Stouey  type  of  sluice  Kates,  Lake  Erie  regulation .  293 

St<  «rage: 

Lake,  water .  . .  .  274 

Lake  Erie,  maximum  .  . .  .  288 

Lakes  Michigan  and  Huron,  maximum  .  289 

Lake  Superior  .  . - .  274 

Storage  and  supply  to  Lake  Champlain,  monthly  mean  .  325 

Streams: 

Central  and  eastern  New  York,  gauging  of . .  586 

Lasalle- Lewiston  route  .  54.349 

New  York,  miscellaneous — 

Elevations . 798 

Bun  ol  . .  079, 080, 789, 790 

Streams  tributary  to— 

Black  River  feeder,  water  power  of  .  ..  .  858 

Feeder  line.  Oswego- Mohawk  route:  catchment  areas .  578 

Strengthening  of  hinge  of  lock  gates  .  153 

Stresses  and  deflections  in  Iteams  (figs.)..  . .  180 

Stresses  in  girders,  diagrams .  .  171 

Structures: 

Dimensions  of . 44 

Hudson  River  division . 80 

Lake  Erie  regulation .  42,293 

Tonawanda-Olcott  route  .  57 

Studies  for  lock  gates,  outline  of . .  148 

Study  of— 

Center  of  pressure  of  meeting  of  miter-post  faces . . .  156 

Lake  Erie  regulation,  conclusions  of .  297 

Lock  gate  tyi*es .  150 

Oswego- Mohawk  route  water  supply,  by  G.  \V.  Rafter .  67 

Relative  advantages . 247 

Ships’  speed  . . 216 

Styles  of  lock  gates,  outline  of  various .  148 

Submerged — 

Area,  Black  River  reservoir . 869 

Weir  t1<>w  and  free  overflow,  relation  . .  812 

Submergence,  effect  of  weir,  in  increasing  or  decreasing  discharge  ...  810,811 

Substructure  of  breakwaters,  Oswego  and  Olcott  .  212 

Suez  Canal,  Bjteed  of  ships  in .  ........  .  223 

Sullivan  Machinery  Company's  diamond-drill  outfit .  974 

Summary  of — 

Cost  of  divisions  .  ..  . . .  113,114 

Precipitation  records  at  New  York  meteorological  stations  . .  773 

Summary  and  comparison  of  meter  ratings  . . .  . . . .  305 

Summit  level,  New  York,  (.s'ic  Water  supply  investigation.) 

Summit  level,  Oswego-Mohawk:  Lake  Erie  as  a  source  of  supply  for .  572 

Sundry  civil  act,  1897..  . . .  25 

Superior.  (.See  Lake  Superior. ) 

Superstructure  and  masonry,  Lake  Erie  regulating  works  (plate  85). 

Superstructure  of  breakwaters.  Oswego  and  Olcott  .  213 

Supply.  (.See  Water.) 

Support  of  lock  gates  by  air  chambers .  153 
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Surface.  (Nee  Water.) 

Surface  elevations  (see  Elevations;  Fall;  Slope): 

Lake  Erie  to  Lake  Huron _ _ _ _ _  952 

St.  Marys  River  _ _  _ _ _ _  _ _  952 

Surface  evaporation  in  Oswego  River  basin;  land  and  water . . .  812 

Surface  regulation  in  pools  between  locks;  Tonawanda-Olcott  route _  .  _  _  359 

Surfaces  of— 

Great  Lakes,  area _ _ _ _ _ _ _  276 

Quoin  posts,  bearing _ _ _ _ _ _ .  154 

Survey  methods  (see  Instructions) : 

Tidal  Hudson _  _ _ _ _  _  564 

Tonawanda-Olcott  and  Lasalle-Lewiston  routes _  _ _  340 

Surveyed  line  through — 

Lake  Champlain _ _ . . . _ _ _  428 

Lake  St.  Francis . . . . . . . . .  428 

Surveys  (see  Routes;  Divisions): 

Champlain  route . . . . . . . . .  427 

Foot  of  Lake  Erie  and  head  of  Niagara  River  _ _  _  42 

Hudson  River  division . . .  . . .  42, 369 

New  York  canals,  proposed.. _ _ _ _ _ _  33, 340 

Niagara  ship  canal . . . . . .  41, 52 

Oswego-Moliawk  route . . . . .  41,487,511 

St.  Lawrence-  Champlain  route _ _ _ _ _ _ _ _  42 

Special  water  supply  (see  Water  supply  investigation) . . . .  575 

Surveys  and  examinations  of  Niagara  ship  canal,  former  ..  _ _ _  52 

Surveys  to  Lake  St.  Francis _ _  .  _ _ _ _  42 

Suspension.  (See  Chain.) 

Susquehanna-Mohawk  divide,  water  supply  from  New  York  State  reser¬ 
voirs  on... . . . . . . . .  . . -  _  825 

Sweet,  E _ _ _ _ _  _ _ _ _  33 

Swift,  A.  J.,  report,  lake  channels,  Appendix  No.  17 .  . . .  951 

Swinging  lock  gate,  single  leaf . . . . . .  150 

Symons,  Maj.  T.  W . . . . . . .  34,340 

System  of — 

Canals.  (Nee  New  York;  Canadian;  Locks.) 

Note-keeping,  precise  leveling. _ _ ...  . .  . .  1002 

Table  of  distances,  Buffalo  to  New  York - - - - - -  244 

Table  of  girder  weights,  lock  gates: 

Seventy-foot  (plate  76), 

Sixty-foot  (plate  75). 

Table  showing  state  of  Black  River  reservoir . . .  _ . .  895 

Tables  of  reductions  of  discharge  measurements _ _  317 

Table  to  correct  any  rod  reading  with  eccentric  bubble  to  central  bubble, 

precise  leveling.. . _ . . . .  .  1014 

Table  to  find  correction  for  inclination  of  level  tube,  precise  leveling -  1013 

Tabulated  results  of  Cornell  weir  experiments _ _  _  .  .  _ _  678 

Talcott.  R.H . .  . . . . . . .  564,571* 

Telescope  rings,  inequality  of,  precise  leveling _ _ .  - -  1013 

Temperature,  effect  on  miter  contact  of  lock  gates  _  _  _ _  158 

Third  group,  Bazin’s  weir  experiments _ _ _ _ _  _  629, 649 

Thirty-foot  channels  ( see  Divisions;  Estimates;  Routes;  Relative  advan¬ 
tages;  Twenty-one  foot): 

Excavation  and  construction  .  .  . . . .  112 

Lake  Erie  to  Lake  Huron, estimates . . . . . . .  954, 955 
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Thirty-foot  channels— Continued. 

Lake  Huron  to  Lake  Superior,  estimates .  054,950 

Lockage  capacity . 159 

Lock  and  approaches  at  Sault  Ste.  Marie,  Mich  . .  .  955. 950 

Thirty-six-inch  new  American  turbine,  discharge  curve  (plate  100). 

Thrust  at  miter  post,  lock  gate . 159 

Tidal  Hudson  81 

Alignment  50? 

Borings...  . 500 

Bridges  ..  508 

Channel  widths .  507 

Cross  section . 568 

Estimates  .  .  .  .  . .  670 

Excavation  668 

Levels . 505 

Low  water .  668 

Materia]  . 509 

Note  plotting .  50? 

Plotting  .  .  .  .  56? 

Profile  (plate  67  . 

Report  on,  II.  F.  Dose,  assistant  engineer.  Appendix  No.  15 .  502 

Soundings .  565 

Surveys . .  564 

Tides  . 564 

Troy  dam  .  . . .  668,669 

Waste  material .  509 

Tidal  Hudson  division  and  Champlain  route  i  plates  50-59). 

Tidal  locks,  sliding  gate  for  . .  150 

Tides,  tidal  Hudson  664 

Tides  and  meteorology  at  Albany,  Hudson  River,  relation  of  (plate  100). 

Tide  water,  summary  of  cost  of  deep  waterway  divisions: 

Chicago  to  .  114 

Duluth  to .  113 

Timlier-liearing  faces  of  miter  posts,  laws  of  intensity  of  pressure .  150, 103 

Timl>er  compression  of  Poe  lock  miter  posts,  measurements  of .  159 

Time  (see  Sailing)  — 

For  lockage  at  St.  Marys  Fall*  Canal . 136 

Of  transit,  deep  waterways  .  30 

Required  in  lockage,  formula  for .  137 

Re  mired  to  fill  or  empty  a  lock .  140 

Tonawanda-Olcott  route  ({dates  10,  17,01) .  56 

B-line .  300 

Borings  of .  850 

Bridges  . .  304 

Crossings . 363 

Diamond-drill  borings  (fig.  9G1 ) .  350,970,985 

Estimates  of  cost . 58,305 

Grades  and  locks .  3.58,305 

Materials  to  be  excavated .  57, 900 

Power  for  oj>erating  locks . 8.59 

Profile  ( plate  01 ). 

Report  on,  by  C.  L.  Harrison,  Appendix  No.  10  .  339.355 

Structures . 57 

Survey  methods .  340 

Water-surface  regulation  in  pools  between  locks .  359 


INDEX. 


1109 


Page. 

Tonawanda-Olcott  and  Lasalle-Lewiston  routes,  relative  values  of .  59 

Tonawanda  to  Niagara  Falls,  bench  marks . . . . __  1038 

Tonnage  passing  Sault  Ste.  Marie,  Mich. .  and  Ontario,  diagram  showing  39 

Topography: 

Instructions  for  noting . . . .  335 

St.  Lawrence  division . . . . . .  405 

Town-house  Corners.  (See  Niskayuna- Albany.) 

Traffic: 

Capacity  of  waterways .  . . . . . .  126, 272 

Coal,  future . . . . . . . . .  265 

Conditions,  adaptability  of  deep  waterways  to . . .  126, 272 

Deep  waterways,  probable  annual . . . . . 1 .  140 

Future  development  of  lake. . . . . . . .  118, 120, 263,  265 

Grain,  future . . . . . . . .  264,265 

Lake . . . . .  117,  262,  265 

Lumber,  future . . . . . . . .  265 

Volume,  constants  of  deep  waterways . . . . . . . .  255 

Weitzellock . . . . .  136 

Transactions  of  engineering  societies  referring  to  lock  gates . .  204 

Transit — 

Lines.  . . . . . . .  .  . . . . .  335 

Time,  deep  waterways _ _ _ _ _ _  45 

Work,  Oswego-Moliawk  route. . . . . . .  500 

Transport — 

Constants  of  deep  waterways . . . . . . . . .  256 

Proper,  cost  of  deep  waterways . . . . .  126,  272 

Transportation: 

General  considerations  relating  to  lines  of . . . .  ..  247 

Lines,  cliaractei’istics  of . . . . .  120,  266 

Minimum  rate,  dimensions  of  ship  canal  for. . . . .  239 

Transverse  curves: 

Meter  observations . . .  309 

Niagara  River  discharge  observations . . . . . .  ..  311 

Trautwine,  J.  C.,  jr  . . . .  607 

Traveling  expenses  of  Board's  employees . . . . .  329 

Treasury  and  War  Department  instructions  to  disbursing  officers .  333 

Triangulation: 

New  York.... . . . . .  . . . . . .  501 

Oswego-Mohawk  route . . . .  491 

Tributaries: 

Black  River,  floods  on  . . . . . .  . . .  805 

Deep  waterways  in  New  York,  gauging  of . . . .  586 

Tributary  streams: 

Run-off,  Black  River  feeder . . . . .  584, 585 

New  York  summit-level  feeder  line,  catchment  areas  of . .  578 

Trout  Brook: 

Black  River  feeder  tributaries  run-off,  north  of . . . .  584 

Streams  south  thereof,  Black  River  feeder  tributaries  run-off . . .  585 

Troy: 

Lake  Champlain  to  Hudson  River . . . . . . .  368 

Levels  from  Crown  Point  Light-house  to . . .  394 

To  Greenbush,  N.  Y.,  bench  marks . . . . . .  1017 

Dam,  tidal  Hudson . . .  563, 569 

Tumble  lock  gate . . . . . .  150 
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Tunnel  Line,  New  York  summit-level  water  supply  (plate  141)  .  939 

Tunnel!,  Prof.  <*.8  .  .  119,968 

Turbine  discharge  curve,  30  inch  new  American  (plnte  100). 

Turning  point  used  m  precise  leveling .  994 

Twenty-foot  lift  locks,  Oriskany  (plate  08). 

Twenty-one  foot  channel  (see  Divisions;  Estimates;  Relative  advantages; 
Routes;  Thirty-foot): 

Champlain  route . 103 

Chicago  to  Buffalo . . .  92 

Duluth  to  Buffalo  . . . .  89 

Excavation  ami  construction . 112 

Lake  Erie  to  Lake  Huron,  estimates .  958,954 

Lake  Huron  to  Lake  Super ior,  estimates .  .  953,954 

Lasalle-Lewiston  route .  92 

Lockuge  capacity . 135 

Oswego-Mohawk  route  . .  94.548,501 

Twenty-one  foot  channel  preferred .  128 

Twenty  one  foot  and  30-foot  waterways,  relative  advantages .  114 

Type  carriers .  252 

Kirbys  918,989,986 

Types  of— 

Frames  of  l  «-k  -ate-  .  .  166 

Lock  gates  .  .  150 

Ships  considered  in  report  on  ship  speeds  .  .  .  ..  218 

Sluice  gates  for  Lake  Erie  regulation.  Stoney  .  .  .  293 

Type-vessel  estimates,  Kirby's  218,252,253 

United  States  (sec  Deep  Waterways  Board): 

Coast  and  Geological  Surveys  .  . . .  128 

Deep  Waterways  Commission,  1*90  .  428,430 

Unit  prices  of  Board's  estimates .  47 

Upper  gate  for — 

Eighty-foot  lock, Oriskany  (plate  72). 

Sixty-foot  lock  (plate  70). 

Upper  hinge  of  lock  gates . . .  195 

Upper  Hudson  drainage  (plate  94). 

UpjK*r  Mohawk  River  (sc.  Mohawk): 

Discharge  curve  and  dam  section.  Rulge  Mills,  N.  Y.  (plate  114). 

Flood- How  passage . .  . .  821 

Run-off  .  .  .  .  .  .  580 

W  aterslieds  . 484 

Value  of — 
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Water  power  per  horsepower,  estimates  .  804 

Watertown  to  State  of  New  York  .  837 

Values  of — 


Bazin’s  coefficient  M  in  weir  experiments . .  009 

Routes.  (See  Relative  advantages. ) 

Valves  or  gates  for  culverts  ...  . . . .  140 
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